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This review of the fish fauna of Colorado is based primarily on 
collections' made during the years 1912 and 1913 with the patronage 
of the Museum of the University of Colprado, as a part of the State 
Biological Survey. Through the generosity of the offidak of the 
various museimis in the state the writer has also had free use of the 
ichthyological material in their collections. In order to include data 
gathered by previous workers whose collections were not accessible, 

> PMkoHm 0f tk$ CoUni0 Bkhgieal Smuy» No. 15. The Amphibit And Reptilk ot Colondo wen 
tfMted in PttMJMlJMi i7«. x^ being Vol. X, No. a, of UwM 5liirf»«f . 

•The fiahet wen killed in the field with 5 per cent fbnnalin* pierced or injected^ end p r eaei ved in 8s 
per cent gnin alcohol. 
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6 UNIVERSITY OF COLORADO STUDIES 

an effort has been made to give a list of all published references to 
Colorado fishes which are based on specimen records. 

Since fishes are difficult to collect and to transport, \mless the 
party be especially prepared for such work, few specimens of fishes 
were taken by the early surveys as compared with reptiles and amphib- 
ians. The first collections of Colorado fishes reported upon were 
those made as part of the Wheeler Survey during the years 1872 to 
1874. The specimens were studied by Cope and Yarrow. In 1889 
Jordan and Evermann made collections in Colorado for the United 
States Fish Commission, publishing a report in 1891. The only 
local list of Colorado fishes was prepared by Juday in 1903 from speci- 
mens collected at Boulder and Longmont. In 1908 Cockerell com- 
piled a list of the fishes of the Rocky Mountain region. Other records 
are cited \mder the particular species. 

The writer wishes to express his thanks to the following persons 
who have materially aided this work: Professor Junius Henderson, 
curator of the Museimi, Professor Francis Ramaley, Professor T. D. 
A. Cockerell, and Mr. Arthur G. Vestal, of the University of Colorado 
for their generous assistance both at the University and in the field; 
Colonel James A. Shinn, state commissioner of game and fish, for 
co-operation from his office; Messrs. Harold E. Robbins, Howell 
Ellis, Walter Reed, Stuart Way, and Russell Wells for assistance in 
collecting and seining; Professor A. E. Beardsley of the State Teach- 
ers' College, Professor E. Bethel of the East Denver High School, 
Messrs. J. C. Smiley and H. G. Smith of the Colorado State Historical 
and Natural History Museiun, E. R. Warren and H. B. Baker of 
Colorado College, and F. A. Riedel of Canyon City, for specimens 
and records; Messrs. L. C. Paddock, state commissioner of inuni- 
gration, A. D. Parker of the Colorado and Southern Lines, and E. L. 
Brown and Frank Wadleigh of the Denver and Rio Grande Railroad, 
whose interest in this survey made part of the field work possible. 

Hydrography of Colorado 

Since fishes are aquatic animals, a general survey of the hydrog- 
raphy of a given area is essential to the imderstanding of its fi^ 
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FISHES OF COLORADO 7 

fauna. For the study of the fishes found in them the waters of 
Colorado may be divided into two groups, the river systems and the 
lakes. 

River Systems 

Two features of the river systems of the state, taken collectively, 
are particularly noteworthy: (a) three distinct drainages are repre- 
sented, the Mississippi, the Rio Grande and the Colorado; (b) all of 
the large streams of the state have their headwaters in the moimtains 
within the state. Both the diversity of drainage areas and the large 
nimiber of headwater streams are the result of the presence of the 
Continental Divide in central Colorado, separating the lower, eastern 
and western portions. This division of the land areas by the moun- 
tains has a very important bearing on the fish fauna as a whole, since 
often many of the fishes of independent drainages are different, and 
the conditions to which fishes are subjected in the headwater streams 
are always more rigorous than in the lowland streams. The position 
of the mountains in Colorado is also responsible for the direction of 
. the larger streams, these flowing east or west, while their tributaries 
enter from the north and south. 

I. The Mississippi System. — ^This drainage in Colorado includes 
all of the streams east of the Continental Divide excepting the Rio 
Grande and its tributaries, and comprises the North Platte, the South 
Platte, the Republican and the Arkansas, with their tributaries. 

The North Platte drains a high mountain park, North Park, 
inclosed by the Continental Divide on the south and west and the 
Medicine Bow Range on the east. The Colorado portion of this 
stream is entirely a moimtain stream since it does not fall below the 
8,000-foot contour and is fed from the snows on the surroimding 
mountains. 

The South Platte and its tributaries drain roughly the north- 
eastern quarter of the state, about 22,000 square miles in all, of which 
more than 12,000 square miles are below the 6,000-foot contour. 
The main stream, which is more than three hundred miles in length, 
rises in South Park at an altitude of about 11,000 feet, so that it is 
both a moimtain and a plains stream in Colorado. Flowing out of 
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South Park it falls rapidly, deseending 4,000 feet in the first hundred 
miles. The remaining two hundred miles of its course are in the 
plains, where the fall is more gradual. After leaving the foothills 
it is joined by Clear Creek, St. Vrain Creek and the Cache la Poudre 
River. These streams with their tributaries drain the east side of 
the Front Range and the foothill region north of Denver. Many 
other streams, which rise in the plains and are dry for a considerable 




Map of Colorado showing principal places from which collections were examined. 

portion of the year, join the South Platte from the north and south, 
west of 103® 30'. East of this meridian the Platte is without tribu- 
taries from the south since it flows quite dose to the Platte-Republican 
divide. 

The Republican River is confined to the plains; it rises at an 
elevation of less than 6,000 feet. Five streams, the tributaries of 
which are for the most part wet-weather creeks, flow into the Repub- 
lican River from Colorado. The North Fork of the Republican, 
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FISHES OF COLORADO '9 

which is the shortest of the five, leaves the state near the 40th parallel 
and unites with the Arikaree River a few miles beyond the Colorado 
line; the South Fork of the Republican parallels the Arikaree some 
twenty miles south of it. North of the North Fork of the Republi- 
can are two small streams, Red Willow Creek and Frenchman's 
Creek. The Smoky Hill River leaves the state near the Platte- 
Arkansas divide and comprises the extreme southeastern portion 



Map of Colorado indicating the extent of the several drainage areas. (See table 
on p. 13.) 

of the Republican drainage. It is here included in the Republican 
drainage, although it flows into the Kansas River, because the Kansas 
and Republican rivers unite before joining the Missouri. 

The Arkansas and its tributaries drain the southeastern quarter, 
much as the South Platte drains the northeastern quarter of the state. 
The drainage area of the Arkansas is included for the most part between 
102® and 103° 30' West and 37° and 39° North. The Arkansas rises 
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near the 11,000-foot contour in Lake County southeast of Homestake 
Peak. The headwaters and upper portion of the stream lie between 
the Continental Divide and the Mosquito Range, in a mountain 
valley which narrows at its southern end into a canyon. Leaving 
this canyon at Canyon City, where the stream has an elevation of 
but 6,500 feet, the Arkansas flows eastward across the state as a plains 



rir.H. f.^J?. iSSS*A JXAt Sfsttft. 

Map of Colorado showing the mass elevations and their relations to the several river 
systems. 

stream. It receives numerous tributaries from the foothill region, 
chief among which are Fountain Creek from the north and Greenhorn 
and Huerfano rivers from the south. The Arkansas is also joined 
in the plains by Horse Creek from the north and the Apishapa and 
Purgatory rivers from the south, the last two being typical plains 
streams although their headwaters are on the east slopes of the Sangre 
de Cristo and Culebra ranges. An area of a few hundred square 
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FISHES OF COLORADO II 

miles just north of the New Mexico boundary is drained by the 
Cimarron River. This stream joins the Arkansas in Oklahoma. 
In the present paper it is considered a part of the Arkansas system. 

2. Rio Grande. — ^The San Luis Valley is the only portion of 
Colorado east of the Continental Divide which is not a part of the 
Mississippi drainage, the Rio Grande emptying into the Gulf of Mexico. 
In Colorado this river does not fall below the 7,000-foot contour, yet 
flowing as it does through a fairly level mountain valley the lower 
half of the stream is for the most part sluggish and has a day bottom. 
From its source on the east slope of the Continental Divide in San 
Juan County the Rio Grande descends 2,000 feet in the first twenty- 
five miles, and 1,200 feet in the next fifty, so that above Del Norte 
it is a mountain torrent flowing over large rocks and bowlders. 

3. The Colorado River System.— West of the Continental Divide 
all of the streams in Colorado flow into the Colorado River, which 
empties into the Gulf of California. Western Colorado is divided 
into several rather isolated valleys. Five independent streams have 
their headwaters in this portion of the state. Starting with the most 
northern these streams are: the Yampa River, the White River, the 
Grand River, Rio Dolores and the San Juan River. Each of these 
joins the Colorado River shortly after leaving the state, most of them 
within a hundred miles of the Colorado line. The Grand River and 
its southern tributary, the Gunnison, together with the Rio Dolores, 
which flows into the Grand in eastern Utah, drain the central half of 
western Colorado. The Grand River proper rises in the extreme 
northern part of Middle Park. Flowing in a southwesterly direction, 
it leaves Middle Park through Gore Canyon and continues as a tur- 
bulent moxmtain stream to beyond Glenwood Springs. At Grand 
Junction, where it is still a vigorous stream, it is joined by the Gun- 
nison River. Beyond this confluence the Grand becomes a wider, 
slower river, continuing to the state line as a typical plains stream. 
The Gunnison, although flowing through sage-brush plains for some 
distance before joining the Grand, is a rapidly moving river even at 
Grand Jxmction. The mountain streams that constitute the head- 
waters of the Gunnison, on the west slope of the Continental Divide 



Digitized by 



Google 



12 UNIVERSITY OF COLORADO STUDIES 

in Gunnison and Saguache counties, as also the main stream, flow 
through rather narrow valleys and canyons, over rough stream beds, 
making the Gunnison one of the most picturesque and turbulent 
rivers of the state. The South Fork of the Gunnison leaves the high- 
land through the Grand Canyon of the Gunnison, meeting the North 
Fork near Delta. At Delta the Gunnison receives a large tributary 
from the south, the Uncompahgre River. 

The summarized data concerning the river systems of the state 
are given in the following table (I). These data should be used in 
conjunction with the maps. 

Lakes 

Considered biologically the natural lakes of Colorado are of two 
types, the high moimtain lakes and the plains lakes. Those of the 
first group are characterized by cold, dear water containing very 
little solid matter in solution, and almost none in suspension. These 
lakes are niunerous throughout the moxmtains and usually have an 
altitude of more than 8,000 feet. Several of them are of considerable 
size although many are less than a mile across. Of the larger lakes 
the most prominent are Twin Lakes in Lake Coimty, Grand Lake in 
Grand County, Marvine and Trapper's lakes in Rio Blanca County, 
John Lake in Jackson County and Santa Maria Lake in Mineral 
Coxmty. 

The plains lakes usually contain an appreciable quantity of 
alkali in solution, are sometimes turbid with suspended material 
and vary much in temperature with the season. Many such lakes 
are foimd in the northeastern portion of the state and several in the 
upper part of the San Luis Valley. In this class must also be in- 
cluded, as regards the fishes contained, the various artificial reservoirs 
in the plains and foothill regions of the state. 

Systematic Account of the Fishes of Colorado' 

Class PISCES 

Aquatic poikilothemious vertebrates with gills functional throughout life, 
usually with paired lateral fins, without digitate limbs, with a lower jaw. 

« For definitioiis of the technical terms lee gkMary, p. 131. 
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14 UNIVERSITY OF COLORADO STUDIES 

This group of animab, generally known as fishes, includes the sharks and 
chimeras, the ganoid fishes, the lung fishes and true fishes. It exceeds all other 
divisions of vertebrates in both numbers of spedes and numbers of individuab. 
All types of aquatic habitats from very shallow streams to the depths of the ocean 
are inhabited by fish. Because of the great diversity of forms represented it is 
necessary to divide the class Pisces into several large units and many smaller 
ones. All of the Colorado fishes are referable to a single series, the Bony Fishes. 

Subclass TELEOSTOMI 
The True Fishes 

Series Teleostei 

The Bony Fishes 

Bones well ossified; body naked or covered with scales; spiral valve wanting. 

Key to the Families or Fishes Found in Colorado' 

A. Ventral fins inserted well back on the abdomen, their origins barely if at all reached by the tips 
of the pectoral fins; or ventral fins wanting. 
B. Body without scales; adipose fin usually and barbels always present. 

Fanuly SILURIDAE, the Catfishes, p. x$ 
BB. Body more or less completely covered with scales (one spedes without an adipose fin, without 
scales). 

C* Ventral fins present. 
D. Head without scales. 
E. No adipose fin. 

F. Dorsal fin with lo or more rays; fins without spines; mouth usually inferior; 
no barbels; body usually terete. FBodfy CATOSTOMIDAE, the Suckers, p. 19 

PP. Dorsal fin with g or fewer rays, without a serrate spine (native spedes); or 
dorsal fin with 17 to 21 rays and a serrate spine (introduced spedes); barbels 
present or absent; body often somewhat compressed. 

Family CYPRINIDAE, the Minnows and Carp, p. 31 
BB. Adipose fin present. 

G. Dorsal fin long and high, with 19 to 24 rays. 

Family THYMALUDAE, the Graylings, p. 71 
GG. Dorsal fin moderate, with 9 to 15 rays. 

Family SALMONIDAE, the Trout and WUtefish, p. 73 
DD. Sides of the head scaled, top of the head covered with leathery plates of skin; no 
adipose fin; lower jaw projecting; mouth somewhat superior. 

Family POECIUIDAE, the Killifishes^ p. 86 
CO. No ventral fins; scales minute and imbedded in the skin; body long and snake-like. 

Family ANGUILUDAB, the True Eels» p. 91 

* For the k)cation of the various parts mentiooed in this and the fbUowing keys, lee Fig. 43 and the 
glonaiy. In using these keys read fint "A" and "AA"; if the diaracters of the spedmen under considention 
are those of "A," "B" and "BB" are next to be read; if thedunctersarethoseof "AA,"thetwosUtenMnta 
under "AA" of equal lank with "B" and "BB" (in the above key "H" and "HH") are to be read. Pro- 
oeed in this nutnner, always considering the two alternatives of the same letter which are first in rank bdow 
the letter last chosen, until the name is reached. 
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Ik. Ventral fins inserted well forward, their origins quite near the origins of the pectoral fins; 
anterior portion of the dorsal fin always with spines. 

H. Body well covered with scales, which are regularly airanged; anal fin with spines. 
I. Dorsal fin single, the spinous and soft portions always united. 

Family CENTRARCHIDAE, the Sunfishes and Bass, p. 93 
n. Dorsal fins two, the spinous and soft dorsab completely separated or just touching at 

the base ' Family PERCIDAE, the Perch and Darters, p. loa 

HH. Body without scales, or at least not regularly and completely covered with scales; skin 
more or less covered with minute prickles; anal fin without spines. 

Family COTTIDAE, the Sculpins, p. 113 



Superorder OSTARIOPHYSI 

The anterior vertebrae just back of the skull fused and modified, forming the 
Weberian apparatus which connects the air bladder with the internal ear. Most 
of the freshwater fishes are included in this group. 



Order Nematognathi 

The Catfishes and Related Forms 

Family SILURIDAE 

The Catfishes 

Body scaleless, with or without bony plates, skin very tough, frequently 
silvery in color; barbels always present, often elongate; adipose fin generally 
present; dorsal and pectoral fins usually with heavy spines. 

Catfishes are found in most of the fresh waters of the world and some species 
are marine. They vary from forms like the little Stone Cat, Sckilbeodes noc- 
tumus (Jordan and Gilbert), which rarely exceeds three inches in length, to the 
Web, SUurus giants L., of the Danube River, which reaches the length of nine 
feet or more and a weight of four hundred pounds. Most species of Silurids have 
heavy erectile spines in the dorsal and pectoral fins by means of which they can 
inflict a painful wound. One species, Malapterurus electricus (Gmelin), found in 
the Nile River, can produce a powerful electrical discharge. Catfishes are par- 
ticularly abundant in the tropic^ portions of Africa and South America. Eigen- 
mann (1910) has listed three hundred species exclusive of related Nematognathi 
from South America, nearly one-sixth of the entire fish fauna of that continent. 
The total number of Catfishes has been estimated as about one thousand (Bou- 
lenger, 1904)- 

In the fresh waters of the United States about thirty species of Silurids are 
found, three of which are known to occur in Colorado. Catfishes are not native 
in the streams of the United States west of the Rocky Mountains, although they 
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have been successfully introduced in several localities. Two genera of Silurids 
are represented in G>lorado. 

a. Tail entire or but slightly notched; siie small to medium; adults geneimUy less than sixteen 

indies in length Ameiunu Rafinesque 

aa. Tail deeply forked; siae medium to very large Idahnu Rafinesque 

Subfamily Ictalurinae 

Genus AMBIURUS Rafinesque 

Bullheads; Homed Pout 

Ameiunu Rafinesque, Ickikyologia Okiensis, p. 65, xSao. 

Adipose fin distinct, sq>arate from the caudal fin; barbels eight; caudal fin 
generally entire or but sli^tly notched, althou^ in some species distinctly forked; 
supraocdpital process pointed, sq>arate from the inter^inal buckler; small to 
medium sized fishes. Two species of this genus, one native and one introduced, 
are foimd in G>lorado. 

Ameioros melai (Rafinesque) 
Black Bullhead, Littlb Pout, Horner (Fig. i) 

SUmus mehs Rafinesque, Qttari, Jouru, Set, Litt, Arts, London, p. 51* 18^ (Ohio River). 
Ameiunu mdas (Rafinesque)— Josdan, BuU, US, Pisk Com., p. 16, 1889 (Pueblo). 
Amiunu nebuiosus (LeSueur)>-^CoPB and Yakkow, Wheder Survey, Vol. V, p. 640, 187$ 
(Pud>Io, Arkansas River). 

Body stout and rather short, depth 3 to 4 (adult) or even 5 (young) in the 
length to the base of the caudal; head short, broad and flattened above, widest 
posteriorly, its greatest width about equal to the depth of the body; maxillary 
barbels extending to or slightly beyond the posterior margin of the head; mouth 
large and wide; dorsal fin higher than long; dorsal spine nearer to the tip of the 
snout than to the base of the caudal, usually short, sli^tly pointed and not curved; 
adipose fin prominent, distinctly elevated, its posterior margin free from the 
back; caudal fin veiy sli^tly, if at all, notched; pectoral fin with a spine, which 
is short and blunt, its length not more than 3 in the head, its posterior margin 
sli^tly curved and varying from almost smooth to serrate with 6 or more small 
teeth; tip of the pectoral fin reaching a point about midway between the origin 
of the ventral fin and the origin of the pectoral; anal fin rather short, with 18 or 
19 well-developed rays and 2 or 3 rudimentary rays; lateral line prominent. 

General color black, dark green or dark blue, sides with a brassy or greenish- 
yellow luster; ventral parts yellowish or greenish gray; fins dusky, the rays 
lifter; barbels black. 

■Thb reference is placed imder this species since the fio fonnuU given by Cope and Yanow is 
DJ.6; A.17; V^. 
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Size small, length rarely more than 12 inches, average adults 9 or 10 inches. 
Spawning season, latter part of May and month of June. 

Range, New York west into Colorado, south into Texas, very abundant in 
parts of Michigan and west of the Mississippi. 

This little catfish is common in the ponds and lakes of eastern G>lorado, 
occurring native in the Platte, Republican and Arkansas drainages. It has been 
introduced successfully into ponds both at Grand Junction and at Montrose. The 
species is of considerable economic importance, as it is marketed regularly. 

Colorado W99dmwkB.—UmversUy Museum: Arkansas River (160 mm.). £. R. Warren, 
No. 307; Wray* Republican River, October 26, 191 2 (19 specimens, 35-45 mm.)* A. 0. Vestal 
and M. M. Ellis, No. 308; SkUe Teachers' Colkge Museum: Ponds near Oreeley, A. £. Beardstey ; 
Cohrado State Historical and Natural History Museum: Sloans Lake, Denver County, July 30 
and August z, 1900 (2 specimens, 90 and 200 mm.), W. C. Ferril; Cooper's Lake, Denver, 
August 5, 1900 (100 mm.), W. C. Ferril. 



Ameiurus nebulosos (LeSueur) 
Common Bullhead, Horned Poxtt (Fig. 4) 

Pimelodms n^mlosus LeSueur, Mem. Mus., Vol. V, p. 149, 1S19 (Lake Ontario). 

Very much like the preceding one, A. melaSf from which it differs in the nimi- 
ber of anal rays, these being 22 or 23 with one or two additional rudimentary ones, 
and in the more elongate form of the body, the depth being contained 4 to 5 times 
in the length to the base of the caudal in the adult and more than 5 in the young. 
This species also grows to a larger size than A. melaSy reaching the length of 20 
inches. 

Range, United States generally, east of the Rocky Moimtains, introduced 
into the rivers of California. 

Included in the Colorado fauna as an introduced fish. It b raised in several 
of the reservoirs in eastern Colorado. The specimens seen were from ponds in 
Denver Coimty. 

Genus ICTALURUS Rafinesque 

The Channel Cats 

Ictahrus Rafinesque, Icktkyologia Okiensis, p. 6x, 1820. 

Adipose fim distinct, separate from the caudal fin; caudal fin deeply forked; 
barbeb eight ; supraocdpital process produced posteriorly, joining the second inter- 
spinal buckler, forming a continuous bony bridge from the skull to the base of 
the dorsal spine. The species of this genus, which are known only from North 
American streams, include some of the largest of the North American catfishes. 
Four spedes are known at present. 
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A. Anal fin of more than 30 rays, its outer margin straight or slightly ooncave; color bluish or 

sUveiy, white below lOahmu fmcaku^ (LeSueur) 

uu Anal fin of less than ag rays, its outer margin distinctly convex; color greenish, lighter below. 

Ictalurus puncMus (Rafinesque) 

Ictaltmss pnnctatiis (Rafinesque) 
/ White Cat, Channel Cat 

SUnnu ptmcUUus Rafinesque, Amer. Monthly MagoMtne, p. 358, 1818. 

Body stout but elongate, depth 4.5 to 5 in the length to the base of the 
caudal; head small and rather conical, widest posteriorly, its length about 4 in 
the length of the body; maxillary barbels long, usually reaching to beyond the 
gill openings; mouth large and wide; dorsal fin with a spine, which is long, about 
1 . 8 in the head, its posterior margin without teeth; base of the dorsal spine nearer 
to the tip of snout than to the adipose fin; adipose fin prominent and elevated, 
its posterior margin free from the back; caudal fin deeply forked; pectoral fin 
with one strongly serrate spine; tip of the pectoral fin reaching less than half-way 
to the base of the ventral fin; anal fin short, its outer margin strongly convex, of 

24 to 29 rays; lateral line prominent. 

Color above dark green or bluish green, sides paler shading to silvery below, 
usually with several small dark spots; ventral parts grayish white with a yellow- 
ish cast forward; fins opaque, often dusky or greenish. 

Size large, average adults wei^^iing 4 to 10 pounds, very large individuab, 

25 potmds or more. 

Spawning season, latter part of May, June and early part of July. 

Range, rapid waters of the large streams of the Mississippi System, south to 
the Gulf of Mexico, and the large rivers of northern Mexico. 

In Colorado this large catfish is found in the Platte and Arkansas rivers, 
being fairiy abtmdant in the latter during high water. With the decline of the 
hig^ water individuab are often left in the pools. At Julesburg, in the South 
Platte River this fish is taken rarely during high water. In the Arkansas River 
it b fairly conunon as far west as Fowler during high water. The removal of 
water from the tributaries of the Arkansas for irrigation, as well as the introduction 
of refuse from various mining industries, has restricted the channel cat to the 
main stream in eastern Colorado. Several fishermen living along the AiiLansas 
report the channel cat as at one time common in the Purgatory River, a stream 
now almost without fish. 

Forbes finds the food of lUinob specimens of thb species consbts of vegetable 
and animal d^ris, garbage, other fishes and almost anything likely to be taken 
by a fish. 

> A channel cat; probably this spedet was reported to the writer by several fisbeimen as oocunias 
ofTSiinnilly in the Rio Giaade at Alamoaa, Colorado, during high water. Noipedmens were leea, however 
and the spedet is here i n cl odcd only in the key. 
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Order Eventognathi 
The Carps and Suckers 

Fanuly CATOSTOMIDAE 
The Suckers and Biiffido Fishes 

Body scaled; barbeb wanting; no adipose fin; fins without spines; dorsal 
fin with ten or more ra3rs. 

The suckers are fresh-water fishes and, with the exception of a few species 
found in Asia, are restricted to North America. They are fishes of medium size, 
few species being small and few exceptionally large. Among fishermen, suckers 
are not in favor since they offer little sport and are so full of small bones. The 
flesh too is without a fine flavor, although that of the larger individuab is often 
sweet and palatable. Because of their good size and general abundance, however, 
several species of suckers are quite generally marketed as food fishes. Suckers 
also have a large economic importance in that their young form a considerable 
item in the food of many of the large game fishes, especially the trout. 

Seven species of suckers have been taken in Colorado, the suckers of the Rio 
Grande, of the Colorado River and of the Mississippi drainages being distinct. 
Two of the three species recorded from the South Platte River and its tributaries 
are found in Colorado only in that S3rstem, while the third species, Calosiomus 
cammersanii sucklii (Girard), is conunon to both the South Platte and the Arkan- 
sas systems. As r^^ards number of individuab, the suckers are second in this 
state only to the Cyprinidae or True Minnows, although these are represented in 
Cdorado by nearly three times as many spedes. 

The seven spedes of suckers known from Colorado are referable to four 
genera. These may be distinguished by the following key: 

Key to Genera 07 Family Catostomidae in Coloeado 

a. Bo(|y short and deep, distinctly compressed; dorsal fin elongate, of more than twenty-four 

rajrs Cor ^Mclef Rafinesque 

at. Body elongate, usually terete, slightly if at all compressed in the anterior half; dorsal fin of 
ten to thirteen rays. 
b. Mid-dorsal region just back of the head not elevated into a hump. 

c Lower lip evenly joined to the upper, there being no indentations or at least very slight 
ones at the lateral junctions of the two lips; median indentation of the lower lip reaching 
the margin of the jaw or separated from it by not more than two rows of papillae; no 

wen-developed cutting edge on either jaw Catoshmus LeSueur 

cc A deep V-ahaped indentation at the junction of the upper and lower lips on each side, 
the upper lip with a free portion which passes the junction with the lower; median 
indentatioik of the lower lip not reaching the margin of the lower jaw but separated from 
it by three or usually more rows of papillae; both jaws with broad, flattened, homy 
cutting edges Pamiosteus Copt 
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bb. Mid-dorsal region just back of the head and in front of the dorsal fin elevated into a sharp- 
edged hump which is supported by the enlarged intemeural bones; median indentation 
of the lower lip reaching the margin of the lower jaw, the two lobes of the lower lip being 
distinctly separated at their junction with the lower jaw by a median subtriangular space. 

Xyramckm Eigenmann and Kirsch 

Subfamily IcnoBiNAS 
The Buffalo Fishes 

Genus CARPIODBS Rafinesque 
The Carp Suckers 
Carpiodes Rafinesque, Ickikyoloiia Okiensis, p. 56, 1820. 

Dorsal fin elongate, of more than 34 rays, the first of which is rudimentary, 
while the third and fourth are much longer than the others, the dorsal fin as a 
result being higher anteriorly than posteriorly; body distinctly compressed and 
quite deep; scales large, of rather uniform size and loosely imbricated; skull with 
a large fontaneUe. 

The species of the genus Carpiodes, because of their superficial resemblance 
to the German Carp, are popularly known as "Native Carp." They may, how- 
ever, be easily distinguished by the absence of barbeb and spines. The Carp 
Suckers feed largely upon mud and vegetable matter and have little value as food 
fishes since their flesh is so strongly flavored. One species of the genus Carpiodes 
is recorded from Colorado. 

Carpiodea velifer (Rafinesque) 

QUILLBACK, SaILVISH 

Catoshmus vdifer Rafinesque, Ichikyohgia Okiensis, p. 56, 1820 (Ohio River). 
Not Carpiodes veUfer (Rafineaque>--JuDAY, Umv. Colo. Simdies, Vol. II, p. 1x3, 1903 {vide 
p. 000); JUDAY, BuU, US. Pisk Com. for igo4, p. 226, 1905 {vide p. 000). 

Body stout and short but quite deep and con4>ressed; dorsal profile strongly 
arched, ventral profile almost straij^t; depth of the body at the base of the first 
ray of the dorsal fin 3 or a little less in the length to the base of the caudal fin; 
head short and blunt, quite stout, its breadth being contained in its length twice; 
length of the head 3. 5 to 4 in the length of the body; eye large, situated in the 
upi)er half of the head near^ to the tip of the snout than to the gill opening; 
diameter of the eye a little more than i in the snout; mouth ventral but slightly 
oblique, its anterior margin being the more dorsal; dorsal fin of 34 to 30 rays, 
the first and sometimes the second rudimentary, the third the longest, its length 
exceeding that of the head; pectorals shorter than the head, not r^u:hing the 
ventrals; ventrals reaching the anal opening or beyond; anal large, of 7 or 8 
rays; scales 6 or 7, 35-40, 5 or 6; length under 13 inches. 
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General color greenish yellow, darker dorsally, shading to dirty white below; 
sides with a metallic luster; fins pale, yellowish or greenish; nu>uth and lips 
flesh-color; top of head olive green to almost black, with tubercles in breeding 
males. 

Carpiodes veHfer, like the other species of the genus, feeds upon mud and 
vegetation. It spawns late in April and through the month of May. The Quill- 
back ranges throughout the Mississippi system and west into the Rio Grande. 
It is usually found in the quiet, weedy portions of the small streams, and since 
such habitats are not common in Colorado streams it is not abundant in this state. 
At present it b known only from the Cache la Poudre, although there is no very 
apparent reason why it should not occur in the Arkansas in eastern Cobrado. 
A species, Carpiodes tumidus Baird and Girard,' now generally considered a 
synonym of Carpiodes velifer (Rafinesque)* was described in 1854 from the Rio 
Grande at Fort Brown, Texas. This form should be looked for in collections 
from the Rio Grande in Colorado near the New Mexico line, although it does not 
occur in collections made at Alamosa. 

Colonulo KfdmmL—SkUe Teachers' CoUege Musemm: Cache U Poudre River near Greeley, 
A. E. Beardaley. 

Subfamily Catostominae 

The True Suckers 

Genus CATOSTOMUS LeSueur 
The Fine-scaled Suckers 
Caiosiomks LeSueur, Jomm, Acad. Nai. Sci, PkOa,, Vol. I, p. 89, 18x7. 

Dorsal fin short, often rather high, of ten to thirteen rays; body ebngate, 
subterete anteriorly, compressed in the caudal region; ventral profile almost 
strai^t, dorsal profile sloping regularly; skull with large fontanelle. 

This genus includes the several species of Conunon Suckers of North America. 
Three species of Catostomus are known to occur in Colorado. 

a. Scides in the lateral line less than 85, thoae in the posterior half o£ the body quite large; spedes 

of the Mississippi drainage. C. cammers^mU dMtpidt) 

at. Scales in the lateral line 90 or more. 

b. Mouth rather broad; maTimum length of the median free portion of the lower lip about 
3 in the width of the lower lip; distance from the middle of the lower jaw to the an^ of 
the mouth greater than the length of the free portion of the lower lip; spedes of the Platte 

drainage C. griseus (Girard) 

bb. Mouth narrower and longer than in the preceding spedes; maiimum length of the median 
free portion of the lower lip z . s to z . 7 in the width of the lower lip ; distance from the middle 
of the lower jaw to the angle of the mouth barely equal to or usually less than the length of 
the free portion of the lower lip; spedes of the Colorado River drainage. 

C. laHpitmis Baird and Girard 
« Bazid AMD GnAio, Pfoc. Acod. Nat, Sd. PkUa., p. 38, 1854. 
•Jordan amd Evikiiamn, BM. 4r, VS. Nai. Mus., p. 167. 1896. 
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Catostomos commenonii (Lac6pdde) 
Common Sucker 

Cyprimus commenonii Lao6pMe, Hist. Nai. Poiss., Vol. V, p. 502, 1803 Gocality unknown). 
Cyprinus tores MitchiU, Ttohs. LU. PkU. Soc, N.Y,, p. 458, x8xs (New York). 

The Colorado ^>ecimen8 of this species are all referable to a well-defined 
subspecies, C. commersanU sucklii (Gitard), which may be differentiated from 
the true C. commersanU of the eastern states by the number of rows of papillae 
on the upper lip. In C. commersonii commersonU the papillae on the upi)er lip 
are usually in 3 rows (2 to 4), while in C. commersonii sucklii they are usually in 5 
or 6 rows (sometimes 7 or 8). 

Catostomos commersonii sucklii (Girard) 
Suckley's Sucker (Figs. 2, 3, 5, 8, 57 and 58) 

Catostomus suckM Girard, Proc. Acad. Nai. Sci. PkUa., p. X7S> 1856 (Biilk River, Montana). 

Catostomus commersonU sucklii (Girard)— Jobdan Ain> Evbsmann, Bnil. 4r, US. Nat. Mus., 
p. 179, 1896 (eastern Colorado). 

Catostomus teres suekUi (Girard)— Jordan. BuU. US. Pish Com., p. 7, 1889 (Denver), p. xz 
(Twin Lakes; Lake Creek near Granite), p. x6 (Arkansas at Canyon City and Pueblo). 

Catostomus commersonU (Lac^pMe)— Juday, Univ. Colo. Studies, Vol. II, p. 1x3, X903 
(Longmont and Boulder); Juday, BuU. US. Pish Com. for 1904, p. 226, X905 (Boulder; Long- 
mont); BuU. US. Pish Com., Vol. XXVI, p. x6i, 1906 (Twin Lakes); Fowler, Proc. Acad. Nai. 
Sci. PkUa., Vd. LXV. p. 52, 19x3 (Twin Lakes). 

Catostomus aUicolus Cope— Cope and Yarrow, Wheeler Survey, Vol. V, p. 677, 187$ (Twin 
Lakes). 

Moxostoma trisifnalum Cope— Cope and Yarrow, Wheeler Survey, Vol. V, p. 679, X875 
(Pueblo). 

Body elongate, rather terete anteriorly, somewhat compressed posterior to 
the dorsal fin; depth 4.6 to 5.5 in the length to the base of the caudal; head 
broad, flattened above, and with rather vertiod sides so that it is somewhat quad- 
rate in cross-section; dorsal profile sloping to the truncate snout, ventral profile 
almost straight; length of the head 3.75 to 4.5 in the length of the body to the 
base of the caudal; snout broad, heavy, truncate, and over-passing the mouth 
by half the diameter of the eye or more; eye prominent, nearer the gill opening 
than the tip of the snout, sitiiated near the dorso-lateral margin of the head; 
diameter of the eye 3 to 4 in the interorbital distance, about the same in the snout, 
and 5 or 6 in the head; nostrils large and prominent, a little less than the diameter 
of the ore in front of the eye; the mouth ventral; lips large and fleshy, no indenta- 
tion at the lateral junction of the upi)er and lower lips; i4>per lip with 4 to 8, 
usually 6 rows of papillae; lower lip deeply deft in the median line, Uie indentation 
being 8q>arated from the edge of the lower jaw by not more than two rows of 
papillae; cutting edges of the jaws wanting or but poorly devel<^>ed; mouth as 
a whole protractile; dorsal fin short and rather high, the length of the longest 
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ray equalling or slightly exceeding the length of the base of the fin; dorsal rays 
usually II, sometimes la, first ray of the dorsal distinctly nearer the tip of the 
snout than the base of the caudal; pectorals not reaching the ventrals by more 
than half of their length; ventrals not reaching the anal opening; anal long, 
reaching the caudal base or beyond, usually with 7 rays, the first being mudi 
heavier than the others, especially in breeding males; caudal large, its maximum 
width being almost equal to the depth of the body; scales 10 or 11, 5S-75, 8 to 10, 
crowded anteriorly. All of the above measurements are taken from medium 
sized to adult specimens. Small individuab are longer and slimmer than the 
adults and with the body more uniformly terete. 

A comparison of q)ecimens from different drainages shows a tendency toward 
a greater number of scales in the lateral line in individuab from the plains streams 
as oi^x)sed to those from the foothill streams, regardless of the river system. 

Lateral Linb Scales 
South Platte: 

Plum Creek near Castle Rock— 60, 60, 61, 62, 65, 6s, 66, 66, 67. 

Boulder Crttk, Boulder— 60, 63, 64, 64, 65, 6s, 66, 67. 

Julesbuiy- 64, 65, 67. 68. 69, 70, 70. 
Republican: 

Wray— 60, 63, 6s, 6s. 66, 67, 69, 69, 70. 70, 71. 72, 73, 74, 7S, 75- 
Arkansas: 

Canyon City— 58, S9, 60, 66, 67, 67. 

General color of the dorsal half of the body and head dark greenish or bluish 
gray to olive-green; margin of the scales outlined with dusky, so that the body 
especially in the caudal region has a distinctly reticulated pattern; the dai^ 
dorsal color disi4>pearing rather abruptly bek>w the lateral line, leaving the 
lower third of the sides and the ventral parts cream-white; entire body with a 
metallic reflection; fins hyaline to milky white, the ra3rs, especially those of the 
caudal, usually opaque white and outlined with dusky; upper surfaces of the 
pectorals and ventrals somewhat dusky; fins of breeding males, particularly the 
anal, more or less yellow or orange; under parts of the head yellowish white; lips 
often with a slightly pinkish cast; top of the head veiy dark green to almost 
black. 

The young of this species are much lighter dorsally than the adults, the mid- 
dorsal region being distinctly mottled. In addition to the adult markings the 
young also have three rather distinct black or dusky spots along the lateral line, 
the largest and most promment being quite near the base of the caudal fin, & 
second about midway between the base of the caudal and the posterior margin 
of the operculum, and the third a short distance behind the oi)erculiun. These 
spots are very prominent in individuals about 40 millimeters long, gradually dis- 
appearing as the fish grows larger. The caudal spot is the last, to be lost, per- 
sisting in quite large and well-develo[>ed individuab. By means of these spots^ 
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the 3roung of C. commersonU suckUi may be recognized and distinguished from the 
young of C. griseus. It is interesting to note that similar lateral q)otSy four in 
number, occur on juvenile specimens of Calostamus nigricofis LeSueur, the Hog- 
sucker of the Mississippi Valley, and often persbt as rather distinct blotches on 
the adult. 

Suddey's Sucker feeds upon algae and diatoms which taken together make 
up a large portion of the slime on submerged stones, and upon small mollusks, 
both bivalves and gastropods, insect larvae and small worms. In addition a few 
adult insects and quantities of debris are taken. When opportunity offers the 
freshly deposited eggs of other fishes are eaten. All of the food is such as may 
be found on the bottom or on stones. In the spring suckers are quite active and 
have been known to take the fly and other moving bait, and in this season they 
occadonally include some of the surface insects in their food. The food of indi- 
viduals was found to vary considerably with the habitat and many kinds of small 
animals which had become water-logged and had sunk to the bottom were recov- 
ered from sucker stomachs. The data concerning the stomach contents of nine 
^>ecimens foUow: 

West Phtm Creekt near Castle Rock, June 8, 191a. From small streams with rocky bottom, the 
stones of which were covered with green slime. 

aoo mm., vegetable d6bris and algae, 99 per cent; one small bivalve, Pisidium sp. 

Z90 mm., vegetable d6bris and algae, zoo per cent. 

Z90 mm., vegetable d6bris and algae, 80 per cent; bivalves, Pisidium sp., ao per cent. 
Republican Eiver, Wray, October a6, 191a. From small stream with weedy and muddy bottom, 
in lowland about one hundred yards from the main stream. 

190 mm., algae, zoo per cent. 

z8o mm., midge larvae and pupae, 75 per cent. Stomach not full. 
Grape Creek, Canyon City, November 8, Z9Z3. Rapid mountain stream, rocks and bowlders 
filling stream bed, the submeiged stones being heavily covered with a brown slime of diatoms, 
no shore vegetation. 

zso mm., diatoms, zoo per cent. 

aso mm., diatoms, zoo per cent. 
BoMer Creek, near Boulder, July as, Z9za. Small stream, gravel bottom, shore vegetation and 
vegetation in the water near shore. 

Z70 mm., small gastropods, Pkysa spp. and Planorbis spp., so per cent; vegetable d6bris, 

so per cent. 

aoo mm., vegetable d6bris, so per cent; small gastropods, Pkysa and Planarbis, as per 

cent; one Dytisdd beetle. Stomach not full. 

This sucker reaches the length of 2 feet, although it is an inhabitant of the 
smaller streams as well as the rivers. Being a rapid swinmier it is often fotmd 
in irrigation ditches at a considerable distance from the streams supplying the 
ditches. The shutting-off of the water in these leaves the suckers stranded in the 
fields, hence the name "Irrigation Sucker/' by which they are popularly known. 

The subspecies C. commersomi sucklii ranges through the western portions 
of the western tributaries of the Mississippi, east of the Continental Divide. 
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Colorado •podment. — UmoersUy Museum: Boulder Creek near Boulder, October, 1903 (iz 
spedmens, 40-185 mm.), C. Juday and J. Henderson, No. 4; West Plum Creek near Castle Rock, 
June 8, iQxa (170 specimens, 40-250 mm.)> A. G. Vestal and M. M. Ellis, No. 309; South Platte, 
Julesburg, July 19, 19x2 (18 specimens, 35-55 mm.), J. Henderson and M. M. Ellis, No. 310; 
Lodgqx>le Creek near Ovid, July 30, 191 3 (25 specimens, 40-70 mm.), J. Henderson and M. M. 
Ellis, Na 311; Boulder Creek 6 miles east of Boulder, Ju^ 35, 191a (49 spedmens, 30-170 mm.), 
M. M. EUis, No. 313; Boulder Creek near Boulder, August 10, 191a (s spedmens, 350 and 300 
mm.). No. 313; Republican River, Wray, October 35 and 36, 1913 (83 specimens, 40-300 mm.), 
A. G. Vestal and M. M. Ellis, No. 314; Grape Creek near Canyon City, I^ovember 8, 1913 (a 
spedmens, 150-350 mm.), A. G. Vestal and M. M. Ellis, No. 315; Outlet to SeUs Lake, Canyon 
City, November 8, 1913 (3 specimens, 45-70 mm.), A. G. Vestal and M. M. Ellis, No. 316; State 
Historical and Natural History Museum: South Platte River, Denver, August 3, 1900 (130 mm.), 
W. C. Ferril; State Teachers* CoUege Museum: South Platte and Arkansas, A. E. Beardsley. 

Catostomus griseos (Girard) 
Gray Sucker, Platte River Sucker, Fine-scaled Sucker (Fig. 6) 

Acomus griseus Girard, Proc. Acad. Nat. Sci, Phila., p. Z74, 1856 (Sweetwater Fork of the 
Platte River). 

Catostomus griseus (Girard)— Joboam, Bull. US. Pish Com., Vol. DC, p. 7 (Denver, Boulder, 
Bear Creek above Morrison, Hartsd's Hot Springs, South Platte in South Park); Juday, Univ. 
Colo. Studies, Vol. II, p. zz3, Z903 (Longmont and Boulder); Juday, BuU. US. Pish Com. for 
IQ04, p. 336, 1905 (Boulder; Longmont). 

Body elongate and rather fusiform, somewhat compressed in the caudal half; 
depth 5 to 5 . 7 5 in the length to the base of the caudal fin ; head elongate, flattened 
above, sides rounded, rather ovoid in cross-section, its length 4 to 4.25 in the 
length of the body; both dorsal and ventral profiles rather strai^^t, the mid- 
dorsal region being but slightly arched; snout long, heavy and bltmt, its tip being 
half or more of the diameter of the eye beyond the margin of the upi)er lip; eye 
small, nearer the gQl opening than to the tip of the snout, its diameter 6 or more 
in the head; interorbital distance 2.25 to 2.75 in the head, about 1.25 in the 
snout; nostrils large and prominent; mouth ventral and rather broad, upper lip 
with 5 to 8 rows of papillae, median indentation of the lower lip reaching the 
margin of the lower jaw or sq>arated from it by but one row of papillae, mftTimnn^ 
length of the median free portion of the lower lip about 2 in the width of the lower 
lip; distance from the middle of the lower jaw to the angle of the mouth greater 
than the length of the free portion of the lower lip; mouth as a whole protractile; 
dorsal fin short and rather high, its longest ray equal to or exceeding the length of 
the base of the fin, of 10 or 11, sometimes 12 rays, the base of the first ray 
being nearer to the tip of the snout than to the base of the caudal, or rarely midway 
between them; pectorals not reaching the ventrals; ventrals barely if at all reach- 
ing the anal opening; anal long, reaching to or beyond the base of the caudal, of 
7 or 8 ra3rs, the fourth being the longest, sides of the ra3rs tubercled in breeding 
males; scales small, crowded anteriorly, 14 to 16, 95-120, 13 or 14. 

Color above the lateral line dark blue or green to almost black, sides lighter; 
below the lateral line the color fades rather abruptly into dirty white, ventral 
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parts white to cream color; sides of the body with a yellowish or greenish cast; 
mouth and under parts of the head pinkish or yellowish white; ventral parts and 
the ventral and anal fins more or less orange-red in breeding males; fins hyaline 
to milky white, uppei surfaces of the pectorals and ventrals dusky. Young 
individuab lighter and more uniformly colored than the adults, the mid-dorsal 
region distinctly mottled; sides without spots (see C. commersonii suckln). 

Size laige, length up to 2 feet. 

The Gray Sucker occurs in all of our foothill collections in company with 
Suckley's Sucker. The two species are probably competitors, since the stomach 
contents show the food to be the same. Two collections made in about the same 
type of habitat, one in West Phun Creek near Castle Rock and another from 
Boulder Creek near Boulder, also point to a condition of competition between 
these two species, since the relative frequency is reversed in the two localities, 
showing local rather than general dominance of either species. At both stations 
all of the fish taken were saved and in both cases the streams were shallow and 
less than twenty feet wide so that the collections are probably representative. 
From West Plum Creek 170 Catostomus commersonii sucklU and 26 Catostomus 
griseus were taken, a ratio of nearly 7 to i, while from Boulder Creek 120 C. griseus 
were collected and but 49 C. commersonii sucklU^ a ratio of a little less than 3 to i 
in favor of the Gray Sucker. One of the disturbing factors which probably entered 
into the West Plum Creek competition was the presence of large numbers of larval 
trematodes, nearly all of the Gray Suckers and but a few of the Suckley Suckers 
being infected, this unequal infection with a parasite giving a possible advantage 
to the Suckley Suckers. Both species are occasionally infected with this larval 
trematode in Boulder Creek. 

Catostomus griseus is known only from the western portions of the Platte 
River and its tributaries. 

Colorado •podment. — UnhersUy Museum: Boulder Creek near Boulder, October, 1903 (loa 
spedmens, 30-xao mm.)* C. Juday and J. Henderson, No. 3; St. Vrain Creek, Longmont, October 
X7> 1903 (9 specimens, lao-xSo mm.), C. Juday and D. W. Spangler, No. 5; West Plum Creek 
near Castle Rock, June 9> 1912 (^6 specimens, SS-^$S mm.), A. G. Vestal and M. M. Ellis, No. 317; 
Boulder Creek 6 miles east of Boulder, July 35, 19x3 (xas specimens, 30-X60 mm.), M. M. Ellis, 
No. 3x8; Colorado State Historical and Natural History Museum: South Platte, Denver, August 
3, X900 (305 nmi.), W. C. Ferril; State Teachers' College Museum: Cache la Poudre near Greeley, 
A. £. Beardsley. 

Catostomus latipinnis Baird and Girard 

Flannel-mouthed Sucker 

Catostomus laUpinms Baird and Girard, Proc. Acad. Nat. Sci. PkUa., p. 388, 1853 (Rio San 
Pedro, Gila basin); Jordan, BuU. US. Fish Com., Vol. DC, p. 36, X889 (Grand River, Glenwood 
Springs; Guxmison and Uncompahgre Rivers at Delta). 

Body elongate, terete in laige specimens, slightly con4>ressed in the caudal 
half; depth 5. 5 to 5 in average specimens, about 4.6 in very large adults, in the 
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length to the base of the caudal fin; head broad and flattened above, its length 
4. 5 to a little more than 5 in the length of the body; dorsal profile sloping in 
both directions from the suprapectoral region; ventral profile almost straight; 
snout broad, heavy and bltmt, overhanging the mouth; eye rather small, sit- 
uated in the posterior half of the head, near the latero4orsal margin; diameter 
of the ^e 6 to 8 in the head; interorbital distance equalling or exceeding the 
length of the snout; mouth large, ventral; maximum length of the median free 
portion of the lower lip i . 5 to i . 7 in the width of the lower lip; distance from the 
middle of the lower jaw to the angle of the mouth barely equal to or usually less 
than the length of the free portion of the bwer lip; upper lip with 5 to 8 rows of 
papillae; dorsal fin high its longest ray equalling or exceeding in length the base 
of the fin, of 11 to 14 rays, usually 11 or 12, base of the first ray nearer the tip 
of the snout than the base of the caudal; pectorals not reaching the ventrals; 
ventrals not reaching the anal opening; anal large, of 7 or 8 rays, the fourth the 
longest, its length almost equalling that of the head; scales small, crowded 
anteriorly, 17 to 19, 100-120, 16 or 17. Size large, the species reaching a length 
of 30 indies. 

General color above greenish or bluish gray, top of the head and r^on in 
front of the dorsal fin quite dark, scales outlined with dusky, so that the sides have 
a somewhat reticulated pattern; dorsal color extending well down the sides to the 
ei^th or tenth row of scales bek>w the lateral line where it fades abruptly; lower 
portion of the sides yellowish to orange-red, ventral parts lighter; under parts of 
the head pinkish; body as a whole with a silvery luster; dorsal and caudal fins 
dusky; anal and ventrals and to some extent the pectorals, yellowish to orange- 
red. Young much lighter than adults, sides quite silvery, mid-dorsal r^on indis- 
tinctly mottled. Mid-ventral region just back of the head sometimes dusky in 
either adult or 3roung. 

Jordan' states that the stomach of a specimen of this species was full of con- 
fervae and other vegetation, and Jordan and Evermann' list C. latipinnis as 
herbivorous. The stomach contents examined corroborate these statements. 
Seeds formed a considerable item in the stomach contents of several specimens, 
as may be seen below. 

Grand Riser, Grand Junction, August 7, xgia. 

42s mm., vegetable debris 100 per cent, including diatoms, algae, fragments of higher plants 

and mud. 
435 mm., seeds, 100 per cent. 347 perfect seeds were counted and fragments of many others 

found. Most of the seeds were from sedges and grasses. 
430 mm., algae, diatoms and debris, also a few seeds. 
4as mm., seeds, 10 per cent; algae and slime, 90 per cent. 
450 mm., vegetable debris, slime and algae, 100 per cent; seeds present. 

> BnU. US. Fish CtfM., Vol. DC, p. a6, 1889. 
• BM. US. Nat. Mm., No 47. P- X75> 1896. 
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UncoMpahgre River, Montroae, August 9, IQ12. 
400 mm., slime, 100 per cent. 
150 mm., slime, xoo per cent. 
100 mm., slime, 50 per cent; a few seeds. Not full. 
170 mm., algae and slime, xoo per cent. 

This species is the common laige sucker of the Gila and Colorado rivers, 
being known only from those drainages. The large individuab of C. latipimUs 
are of considerable economic importance in supplying a cheap grade of fish for 
the market. They are taken in considerable numbers from the Grand River at 
Grand Junction for local use, the Fish Commission allowing the use of the seine 
by permit for the Flannel-mouth and other spedes of suckers below the trout 
streams. Two laige females of this species taken at Grand Jtmction on August 
7, 1912, contained well-developed egg-masses. 

Colorado fpedxnens. — UniversUy Museum: Gunnison River, Grand Junction, August 7, 
19x2 (13 specimens, 60-200 nun.), J. Henderson and M. M. EUis, Ifo. 3x9; Grand River, Grand 
Junction, August 7> 19x2 (5 specimens, 370-450 mm.), J. Henderson and M. M. EUis, No. 320; 
Uncompahgre River, Montrose, August 9i 191a (74 specimens, 30-420 mm.), J. Henderson and 
M. M. Eilis, No. 321; StaU Teachers* CoUege Museum: Delta, A. E. Beardsley. 

Genus PANTOSTBUS Cope 
The Mountain Suckers 
Pamiosteus Cope, Wheeler Survey, Vol. V, p. 673, 1876. 

Much like Catostomus; fontanelle usually wanting or at least much reduced 
in the adult; lower lip not so deeply deft as in CatosUmus; both jaws with well- 
defined cutting edges. 

The species of this genus are restricted to the streams of the Rod^y Mountam 
region from the Columbia River south into Chihuahua. Two spedes are found 
in Colorado, one in the Colorado River drainage and one in the Rio Grande. 

The two quite similar spedes of this genus found in Colorado may be separated 
by the number of scales in the lateral line. In most characters their differences 
are those of degree and are apparent only from a series of measurements. 

a. Scales of the lateral line 80 to 92, usually about 85; spedes of the Rio Grande. 

P. pUbius (Baird and Girard) 
at. Scales of the lateral line 95 to i X5> usually about 100; spedes of the Cobrado River drainage. 

P. delphmus (Cope) 

Pantosteus plebios (Baird and Girard) 
Rio Grande Sucker 

Catoskmus piebius Baird and Girard, Proc. Acad. Nat, Sci. PkUa., p. 28, 1854 (Rio Mimbres, 
at tributary of Lake Guzman, Chihuahua). 

Paniosteus piebius (Baird and Girard)— Jordan, Bull. U.S. Fish Cam., Vol. DC, p. 19, 1889 
(Del Norte; Alamosa; Rio Conejos 15 miles south of Alamosa); Fowler, Proc. Acad. Nat. Sci, 
PkOa., Vol. LXV, p. 48, 1913 (WatriU Creek). 

Body elongate and terete, but slightly compressed in the caudal half; depth 
4- 75 to 5. 25 in the length to the base of the caudal fin; head rather large, rotmded 



Digitized by 



Google 



FISHES OF COLORADO 29 

above, its length 4. 25 to 4. 75 in the length of the body; dorsal profile sloping 
slij^tly, ventral profile almost strai^t; snout broad and rather long, overhanging 
the mouth by almost the diameter of the eye; eye small, 5 to 7 in the head, sit- 
uated in the posterior half of the head; interorbital distance 2.5 to 2.75 in the 
head; mouth large, ventral; both jaws with well-develo[>ed cutting edges; upper 
lip large, forming a fleshy hood over the mouth (^)ening, median indentation of 
the lower lip not reaching the margin of the lower jaw but separated from it by 
4 or more rows of pi^illae; dorsal fin moderately high, its longest ray exceeding 
in length the base of the fin, of 10 or 11 rays, inserted nearer the tip of the snout 
than to the base of the caudal; pectorals not reaching the ventrals; ventrals not 
reaching the anal opening; anal rather small, of 7 or 8 rays; scales rather uniform 
in size, not much crowded anteriorly, scales in the lateral line 80 to 92, usually 
about 85. 

General color dark greenish brown to blackish; mid-dorsal region and to some 
extent the sides, mottled with dusky; dorsal color extending well down on the 
ndes of the body; lower portion of the sides yellowish to bright orange, orange- 
red in breeding males; under parts white to yellowish; a rather well-defined 
dark-red band along the lateral line; fins hyaline or yellowish, ra3rs dusky; anal 
often reddish. 

This species does not reach the large size attained by some of the spedes of 
Calostomus, average adults being from 9 to 12 inches in length. 

The Rio Grande Sucker is a spedes of the Rio Grande drainage ranging from 
the San Luis Valley in Colorado south into Chihuahua. It is quite abundant 
throughout its range. 

The stomachs and intestines of twenty specimens of this spedes from Alamosa, 
July 27, 191 2, were packed with slime, algae and mud. So much of the green 
algae was present that the alcohol in which the Alamosa collections were placed 
was colored green by the extracted chlorophyll. 

Colorado •podmens. — UniversUy Museum: Rio Grande, Alamosa, July 27, 19x2 (309 sped- 
mens, 60-200 mm.), M. M. EUis, No. 322. 

Pantosteus delphinus (Cope) 
Blue-headed Suckes, Western Chisel-mouthed Sucker (Fig. 9) 

Mmotuus ddphinm Cope, Haydm^s Survey of Wyoming for 2870, p. 435, 1872 (probably 
Heniy Fork of Green River, Wyoming). 

Paniosteus delpkmus (Cope)— Jordan, Bull. U.S. Pish Com., Vol. DC, p. 27, 1889' (Eagle 
River; Gunnison at Delta; Uncompahgre; Rio las Animas Perdidas; Rio Florida). 

Pantosteus virescens G>pe— Cope and Yaksow, Wheeler's Survey, Vol. V, p. 675, 1875 (wrongly 
ascribed to Arkansas at Puebb, corrected by Jordan and Evermann, Bull. 47, U.S. Nat. Mus., 
p. 171, 1896). 

Body elongate, somewhat compressed in the caudal half; depth 5 to 5.5 in 
the length to the base of the caudal; head rather large, its length about 4. 5 in the 
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length of the body; dorsal profile sloping, ventral profile almost strai^^t; snout 
broad and heavy; eye small, its diameter 6 to 9 in the head; interorbital distance 
about 3. 5 in the head; mouth large, ventral; both jaws with broad homy cutting 
edges; upper lip large, forming a fleshy hood over the mouth (^)ening; median 
indentation of the lower lip separated from the margin of the lower jaw by 4 to 7 
rows of papillae; dorsal fin high, of 10 or 11 rays, base of the first ray nearer 
tip of snout than to the base or the caudal or rarely midway between them; pec- 
torals and ventrals as in P. plebius; anal fin large, reaching to the caudal base; 
scales small in the anterior half of the body increasing in size toward the caudal, 
95 to 115 in the lateral line. 

General color grayish blue, darker dorsally; scales outlined with dusky, 
giving a reticulated pattern; dorsal color extending down the sides of the body 
to the level of the origin of the pectoral; sides of the body below the lateral line, 
espedaUy in the anal region, pink to orange-red; pectoral and ventral fins 3rellow- 
ish; a more or less interrupted band of red along the lateral line. 

This species ranges throughout the Colorado River drainage in the headwater 
streams, being very abundant near the mountains and less so in the lower portions 
of the system. The stomachs of several specimens from both Montrose and 
Durango were examined and were found to contain masses of algae and slime. 

Colorado •podment. — Umversiiy Museum: Uncompahgre, Montrose, August 9> iQis (283 
specimens, 50-370 mm.)f J- Henderson md M. M. Ellis, No. 333; Rio Florida near Durango, 
August II, 191a (90 specimens, 150-250 mm.)> J- Henderson and M. M. Ellis, No. 324; State 
Teachers* Cettege Museum: Delta, A. E. BeardslQr. 

Genus XTRAUCHBN Eigenmann and Kirsch 
The Humpbacked Sucker 
Xyrauckeu Eigenmann and Kirsch, Proe, US. Nai, Mus., p. 556, 1888. 

Intemeural bones in front of the dorsal fin elevated, supporting a sharp-edged 
hump; mouth much as in Catostomus. 

The single spedes of this remarkable genus is found only in the Colorado River 
and its tributaries. 

Zyrauchen texanus (Abbott) 
Humpbacked Suckes, Razorbacked Sucker (Figs. 7 and 59) 

Caloslomus texamus Abbott, Pfoc. Acad, Nat. Sci. PkUa., p. 473> x86o (Colorado and New 
rivers). 

Catostomus cypko Lockington, Proc. Acad. Nat. Sci. PkUa., p. 237, x88o (Colorado River at 
the mouth of the Gila). 

Xyrauchen cypko (Lockington)— Jordan, Bull. US. Pisk Com., Vol. DC, p. 26, 1889 (DelU, 
in Gunnison and Uncompahgre rivers). 

Xyrauckeu uncompahgre Jordan and Evermann, Bull. US. Pish Com., Vol. DC, p. 26, 1889 
(DdU). 

Xyrauchen texanus (Abbott)— Fowler, Proc. Acad. Nat. Sci. Phila., Vol. LXV, p. S4> i9X3* 
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Body somewhat compressed, greatest depth 4 to 5 in the length to the base 
of the caudal; back abruptly elevated just in front of the dorsal fin into a sharp- 
edged hump which is borne by the enlarged intemeural bones; head rather broad, 
somewhat depressed, dorsal surface quite flat; length of the head 4 or a little less 
in the length of the body; snout broad and blunt, overhanging the mouth; length 
of the snout 2.5 to 3 in the head; nostrils laige, prominent and double, the 
dividing s^tum elevated; eye prominent, situated in the upper half of the head, 
a little nearer to the tip of the snout than to the posterior margin of the oper- 
culum; diameter of the eye 8 or 9 in the head; mouth large and ventral; median 
indentation of the lower lip reaching the margin of the lower jaw, the two lobes 
of the lower lip being distinctly separated at their junction with the lower jaw 
by a median subtriangular space; upper lip with about 4 rows of papillae; 
margins of the jaws rounded; dorsal fin high, its base about equal in length 
to the head, of 12 to 15 ra3rs, base of the first ray nearer to tJie tip of the 
snout than to the base of the caudal; pectorals about 1.2 in the head, sepa- 
rated from the ventrals by almost the length of the latter; ventrals nearly 2 in 
the head, inserted below the ei^^th or ninth ray of the dorsal, not reaching 
the anal opening; anal long, equalling or slightly exceeding the length of the 
pectorals, its base short, being about one-half the length of the longest ray, of 
7 ra3rs; caudal laige, broad and rather deeply forked, its width equalling the 
greatest depth of the body; scales 13 to 15, 70-86, 13 or 14. 

General color bluish gray to olivaceous; top of the head and anterior por- 
tion of the hump quite dark; dorsal color extending well down on the sides, fading 
gradually to silvery white below. Size large, length often over 20 inches. 

This species is distributed quite generally throughout the Colorado River 
drainage in the large streams below the foothill region. Because of their large 
size the adult Humpbacked Suckers are often marketed with the Flannel-mouthed 
Suckers. Professor Junius Henderson has told the writer that X. texanus is taken 
in numbers by the Mohave Indians from the Colorado River near Fort Mohave. 

Colorado ■podment.— l/nfwrnfy Museum: Grand River, Grand Junction, August 7* 1912 
(3 specimens, 290-400 jmm.)> J* Henderson and M. M. Ellis, No. 325. 

Family CYPRINIDAE 
The Minnows and Carp 

Mouth without teeth, teeth on the pharyngeal bones generally well develq[>ed; 
head naked, body usually scaled; barbel present or absent; air bladder with a 
dudus pneunkUicus; fresh-water species. 

The species of this family are very numerous, considerably over 1,000 being 
known at present. They are found in the fresh waters throughout the world 
with the ezcq>tion of those of South America and Australia. The family is 
divided into several large groups all of which intergrade more or less; by some 
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authors the suckers, Catastomidaey are included in the Cyprimdae as one of these 
groups. Considering the extremes, two types of Cyprinids may be recognized 
as regards the alimentary canal and the food taken. These are the herbivorous 
forms with long, much-coiled alimentary canal, the more primitive fonns on the 
whole, and the carnivorous fonns with a relatively short alimentary canaL Between 
these are other intermediate fonns, and both herbivorous and carnivorous types 
are usually represented in each large groi^) of species. 

The economic importance of the Cyprinidae does not come from their value 
to man directly, for few species are extensively marketed or sought as game fishes, 
but from their value as food for other game and food fishes. A few species, as the 
Goldfish and the Tench, are raised as aquarium fish and for small ponds and lakes 
in parks. 

The large number of q)ecies, their general similarity and small size conspire 
to make the identification of Cyprinids difficult. The introduced species may be 
recognized by the long dorsal and the serrate anal and dorsal spines, but the native 
species are more confusing. In using the keys for this family one of the most 
dusive structures to be looked for is the barbel. In some species, as the German 
Carp, the barbel is quite prominent, but in most of the native species it is quite 
small The barbel when present is on the ventral surface of the head at the 
junction of the upi)er and lower jaws, usually in a small depression or, in Semotilus 
and CouesiuSf just above the junction of the jaws on the outside margin of the 
upper. In most of the Cyprinids found in Colorado having a barbel, the barbel 
b less than one-sixteenth of an inch in length although in large q)ecimens of 
Semoiilus airamaculahis it may be almost a quarter of an inch long. The char- 
acters based on internal anatomy given in the keys are not necessary for the 
determinations but may be used to confirm them.' 

Key to Gsmera or Family Cyprinidas in Colokado 
a. Dorsal fin elongate, of more than 20 rays; both dorsal and anal fins preceded by a senate 
spine. Introduced species natives of Asia, 
b. Barbeb 4; body completely scaled, partly scaled or naked 

Cyprinus (Artedi) Linnaeos, p. 34 
bb. Barbels wanting; body completely scaled; color often orange-red. Carassius Nilsson, p. 36 
aa. Dorsal fin short, of 10 or fewer rays; fins without a serrate spine. Native q>ecies. 
c. Body scaled; dorsal fin without a spine. 

d. Intestine long, wound around the air bladder; mouth ventral and sucker-like; pre- 
maxiUaries protractile; no maxillary barbel; color dusky, irregularly mottled, sides 

with a more or less brassy luster Campostoma Agassis, p. 36 

dd. Intestine not wound around the air bladder. 

e. No maxillary barbel; premaxiUaries usually protractile. 

f. Two very distinct dark lateral bands; scales small, usually about 80 in the 
lateral line, imbedded in the skin; spedes small, length under 70 mm.; intestine 
about twice the length of the body. . Ckrosomus Rafinesque, p. 38 

> The common tench. Tinea Hnca, was introduced into Colorado in 1894 (see lUpt. US. Pish Coim. for 
z894*^5i P* 53)1 but there are no reports of this species from Colorado waters. This fish may be recognised 
by the long dorsal fin of xo rays and l^ the small scales, more than 60 in lateral line. 
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If. Sides plain or with a single lateral dusky band. 

g. Basal fulcra of the caudal fin not greatly enlarged; caudal peduncle not 
narrow and elongate. 

h. First (rudimentary) ray of the dorsal fin heavy, blunt and s|mie-like, 
broadly joined to the second (i.e., to the first long ray); intestine more 
than twice the length of the body; mouth terminal; scales large, usually 
about 4S in the lateral line PimephaUs Rafinesque, p. 40 

hh. First (rudimentary) ray of the dorsal fin not heavy and blunt, usually 
adnate to the second (i.e., the first long ray). 

L Inside of the lower jaw with a small hard limip near the tip; scales 
large, about 35 in the lateral line; intestine more than 3 times as long 
as the body; peritoneum black; mouth terminal; dorsal fin with its 
first ray distinctly in front of the origin of the ventrals. 

Hybognaikus Agassiz, p. 42 
ii. Inside of the lower jaw without a hard protuberance; alimentary canal 
short. 

j. Mouth ventral and sucker-like, the upper lip recurved aroimd the 
lower at their junction; dorsal fin with first ray distinctly in front 
of the ventrals; scales rather large, 40-50 in the lateral line. 

Pkemacobius Cope, p. 45 

jj. Mouth not sucker-like, although sometimes rather ventrally placed; 

base of the first dorsal ray on a level with or posterior to the ventrals. 

k. Scales in the lateral line less than 80, usually less than 60. 

1. Colorado species, scales in the lateral line 45-80; if less than 60, 

anal rays 8 RUkardsomut Girard, p. 46 

0. Colorado species, scales in the lateral line less than 45; if 45-50, 
anal rays 9 or 10 . Notropis Rafinesque, p. 48 

kk. Scales in the lateral line more than 80 (Colorado species). 

PiycMockeilus Agassiz, p. 54 

gg. Basal fulcra of the caudal fin much enlarged (see Fig. 36); caudal peduncle 

slender; scales small, 80 or more in the lateral line, often wanting from the 

mid-dorsal and mid-ventral regions Gila Baird and Girard, p. 55 

s. Maxillary barbel present. 

in. Barbel lateral, on the anterior, outer surface of the upper 
jaw, a little in front of the depression at junction of the 
two jaws. 

n. Colorado species with a black spot at the base of the 
first few rays of the dorsal fin; head 3.2 to a little less 
than 4, usually 3.5 in the length. 

SemoUlus Rafinesque, p. 57 
nn. Colorado species with no black spot at the base of the 
dorsal fin; head 4.25 to 4.5 in the length. 

Couesius Jordan, p. 59 
. Barbel in the axil at the junction of the upper and lower jaws. 
o. Scales in the lateral line less than 70; scales with 
apical radii only; body somewhat compressed; max- 
illary barbel prominent. 

p. Scales in the lateral line 35-45; dorsal, pectoral 
and anal fins rounded; Colorado species with the 
first ray of the dorsal on the level with or slightly 
behind the ventrals. Hybopsis Agassis, p. 60 
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pp. Scales in the lateral Une s^-^o; donal, pectoral 

and anal fini rmmarginatr or falcate; Colorado 

spedes with the first ray of the dorsal in front of 

the level of the ventrals. . PUUygobie Gill, p. 6a 

00. Scales in the lateral line 65-90; scales with both 

apical and basal radii; body subterate; mouth ventral 

and sucker-like. 

q. Premazillaries not protractile, upper lip con- 
tinuous with the skin of the top of the head, 
frenum broad. Rkimicklkys Agassii, p. 63 

qq. Prenuudllaries protractile, upper lip not con- 
tinuous with the skin of the top of the head, 
frenum rarely present. . Agosia Girard, p. 68 
cc Scales entirely wanting; dorsal fin with a double spine; anal fin without a spine, pre- 
mazillaries protractile; mazillaiy barbel present. . Fhgopterus Cope, p. 70 

Subfamily Cyprininae 

Genus CTPRINUS (Artedi) Linnaeus 

The Carp 

Cyprmus (Artedi) Linnaeus, Sysiema Naltifae, ed. X, p. 330, 1758. 

Body compressed; barbeb long and promln^t; scales large when present; 

dorsal fin elongate; dorsal and anal fins each with a serrate spine. Large spedes, 

natives of Central Asia. Represented in Colorado by the introduced German Carp. 

CyprinuB carpio Linnaeus 
"German" Carp (Figs. 10 and 11) 

Cyprimu carpio Linnaeus, Sysiema Nalwae, ed. X, p. 330, 1758. 

Body compressed, deep and robust; dorsal profile elevated, ventral profile 
sloping or almost straight; head large, subconic; depth of the body 2 . 75 to 3 . 25, 
head 3 to 4 in the length to the base of the caudal; snout heavy, somewhat 
pointed, 2.75 to 3.25 in the head; eye small, 5.5 to 6.5 in the head; dorsal 
fin with a strong spine, the posterior edge of which is strongly serrate, and 17 to 31 
rays, anterior fourth of the dorsal fin higher than the remaining posterior portion; 
base of the dorsal spine in front of the level of the ventrals; pectorals almost 
reaching the ventrals; ventrals not reaching the anal opening; anal fin short, 
with a serrate spine and 5 or 6 rays; scales large when present, resembling those 
of the suckers, with both basal and apical radii; scales in completely scaled indi- 
viduals 5 or 6, 35-38, 5 or 6, lateral line complete. In some individuab only a 
few large scales along the lateral line and in the dorsal and ventral regions 
remain; these fish are known as ''Mirror Carp''; still others are completely scale- 
less, the ''Leather Carp." These forms are merely varieties or races of the 
normally scaled type. 

Color olivaceous to bluish or dark green above, shading to yellowish below, 
sides of young specimens often bright golden yellow, of adults usually a dirty 



Digitized by 



Google 



FISHES OF COLORADO 35 

greenish yellow. Size large, reaching a length of over 30 inches and a weight of 
50 pounds, average adults 5 to 8 pounds, those raised in ponds usually heavier. 

''German" Carp is a native of Central Asia but was introduced into Europe 
centuries ago, probably before 1300. It was first brought to the United States 
in 1872 and to Colorado in 1882. In the Report of the United States Fish Commis- 
sion for 1884 are numerous signed statements from citizens of Colorado concerning 
the care given this fish and its success in this state. These accotmts are quite 
interesting in view of the general disfavor into which the Carp has fallen. This 
fish is now found in each of the principal river systems of the state and is quite 
abundant in many ponds and lakes. Not only is it well established in Colorado 
but also throughout the United States. The artificial propagation of this species 
has been discontinued and by many its introduction is regarded as a serious mis- 
take. The Carp question has been discussed at length by Cole,' who concluded 
that the damage done by the carp is about offset by its value. The carp eat the 
spatwn of other fishes and uproot the aquatic vegetation near shore which forms a 
refuge for young fishes and contributes to the food of the aquatic game birds. The 
young carp, on the other hand, are eaten by the bass, cr^pies and simfish, as well 
as by snakes and aquatic birds. 

Cyprinus carpio is a herbivorous or onmivorous feeder, preferring warm 
sluggish water. Under fair or favorable conditions it grows very rapidly and 
de^ite the general prejudice against this fish its flesh is marketable. Forbes' 
states that several million pounds having a value of several himdred thousands 
of dollars are taken annually in Illinois. 

The German Carp spawns in the latter part of May and through June, the 

eggs being deposited near shore where they adhere to weed stems and d6bris. 

The remarkable rapidity with which this species has become established in the 

United States is the result of its general hardiness and the enormous nimiber of 

eggs produced— a single female spawning about 500,000 eggs— and the rapid rate 

of growth. The carp eggs hatch in about two weeks and by the end of the first 

summer the young are five inches or more in length. A year-old carp weighs on 

an average three-quarters of a pound, and tmder favorable conditions even more. 

In ponds where conditions have been optimiun this fish has been known to reach 

a wei^t of four pounds in two years. 

Colonulo •pedmeiui.— l^fitwrnty Museum: Rio Grande, Alamosa, July 27, 191 2 (mirror, 
20 spedmens, 70-130 mm., No. 272; scaled, 50 specimens, 35-130 mm.. No. 271), M. M. Ellis; 
Grand River, Grand Junction, August 7> 1912 (137 specimens, 30-70 nmi. scaled; mirror, i speci- 
men, 60 nmi.), J. Henderson and M. M. Ellis, No. 326; Boulder Lake, Boulder, October 16, 1913 
(3 specimens, 60-140 nmi.), M. M. EUis, No. 327; Colorado State Historical and Natural History 
Museum: Denver, August 18, 1900 (z6o mm.), W. C. Ferril; Denver, April 19, 1902, A. H. Felger; 
Barr Lake, Adams County, March 16, 1906 (180 mm., from the stomach of American Merganser, 
Merganser americanus [Cass.]); State Teachers* Museum: Lakes near Greel^ Garge specimens)* 
A. E. Beardsley. 

> lUpi. US. Pish Com, for 1904^ pp. 525-641, 1905. 

• FoaBBS AMD Richardson, Ichtkyetogy of lUimris, pp. 108-109, 1909. 
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Genus CARASSIUS Nilsson 
The Crudan Caip 
Cofossius Nilsson, Frodfomm IckUty. Scand., 1832. 

Body deep and compressed; barbeb wanting; dorsal fin long; dorsal and 
anal fins each with a serrate spine; scales large, lateral line complete. Natives 
of central Asia. 

Carassittt attratus (Linnaeus) 

Goldfish (Fig. 62) 

Cyprinm amatm Linnaeos, Sysiema Naltifae, ed. X, p. $2$, 1758. 

Carpiodes veHfer (Rafiiiesque)--JuDAY, Univ. Colo. Studies, Vol. II, p. 113, 1903 (Longmont). 

Body deep and compressed; head 3 to 3.25, depth 3.5 to 3 in the length to 
the base of the caudal fin; dorsal fin and anal fin much like the dorsal and anal 
of Cyprinus carpiOf each with a serrate spine; scales large, 4-6, 28-30, 5-6; sise 
mediimi, reaching the length of 12 inches or more. 

Color of specimens in captivity usually orange-red, silvery or yellowish, often 
somewhat marked with black; wild specimens oUvaceous to greenish blue, darker 
dorsally; orange varieties reverting to greenish form when liberated into streams. 

The Goldfish is valued because of the orange-colored varieties so extensively 
raised for aquaria and small ponds. By selective breeding many curious forms 
of this fish have been established, the color, shape and size of the fins and even 
the position of the eyes being variable. One very remarkable type of Goldfish, 
known as the Telescope Fish, has the portions of the head bearing the eyes enlarged 
so that the eyes are borne on conical projections. The Goldfish has escaped from 
ponds in Colorado and the green wild form is now found in the Grand and South 
Platte rivers. This fish is sometimes confused with the Quillback, Carpiodes 
vdifer (Rafinesque), from which it is easily separated by the presence of a serrate 
spine in both the dorsal and anal fins. 

Coloftdo wp^dmmnB^—UmivenUy Museum: St. Vnin Cieek, Longmont, October 17, 1903 
(6 spedmens, 80-^ mm.)» C. Juday and D. W. Spanker, No. 13; small pool near Grand River, 
Grand Junction, August 8, 191 2 (10 specimens, 70-80 mm.), J. Henderson and M. M. Ellis, No. 328; 
State Teachers* College Museum: Ponds near Greeley, A. E. Beardslcy. 

Subfamily Campostoiunae 
Genus CAMPOSTOliA Agassis 
The Stone-rollers 
Campostoma Agassis, Amer, Joum. Sci, Arts, p. 218, 1855. 

Herbivorous Cyprinids; alimentary canal very long, its length 6 or more 
times that of the body, wotmd around the air bladder which is thus su^>ended in 
the abdominal cavity; premayiHaries protractile; mouth more or less ventral and 
sucker-like; peritoneum black. Cam^/^mia is tmique among fishes in the position 
of the air bladder. Its q)ecies are known only from central and southwestern 
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North America. A ungle species, quite abundant in the plains streams of the 
eastern part of the state, is known from Colorado. 

Can^octoma anomaltim (Rafinesque) 
Stone-eoller, Greased Chub (Figs. 13, 14 and 16) 

RmHUu amomdUu Rmfineaque, Icktkyotogia Ohimuis, p. 53, 1820 (Licking River, Kentucky). 

Camposhma amamahm (R&finesque)— Jokdam, BM. US. Fith Com., Vol. IX, p. 16, 1889 
(Arkansas River, Canyon City); Juday, Unio. Colo. Studios, Vol. II, p. 113, 1903 (Loogmoot and 
Boulder); Juday, BiM. US. Fith Com. for 1904, p. 226, 190s (Boulder; Longmont). 

Campostowta MemU Cope— Cove and Yaksow, WhedorSwruy, Vol. V, p. 672, 1875 (Pud>lo). 

Body rather ebngate, fusiform, but slightly compressed; depth 4 (old males) 
to 5 (young and mediimi individuals) in the length to the base of the caudal; 
head moderately large and pointed, somewhat conical as a whole, its length 3. 75 
to almost 4. 5 (young) in the length; snout rather long, blunt, slightly overhanging 
the mouth; eye fairly small, laiger in the young, its diameter 4.7 (young) to 6.5 
(dd males) in the length of the head, 3 to 3. 35 in the interorbital distance; 1.5 to 
3. 7 in the snout; nostrils prominent, situated about the diameter of the ore in 
front of the ore and dorsal to the center of the eye; mouth ventral and slightly 
oblique, sucker-like; lips thick, eqiedally the ui^)er, a fleshy lobe at the an^e 
of the mouth on each side, formed by the fusion of the two lips; an^e of the 
mouth reaching the level of the nostrils; premazillaries protractile; dorsal fin 
rather short, its length slightly less than that of its longest ray, inserted near the 
middle of the body, on a level with or just in front of the ventrals, base of the first 
ray of the dorsal nearer to the tip of the snout than to the base of the caudal in 
adults, in small individuals nearer the base of the caudal; dorsal rays 8; pectorals 
short, not reaching the ventrab; ventrab not reaching the anal opening; anal 
smaller than the dorsal; anal rays 7; scales rather large, 7 to 9, 4(^58, 7 or 8; 
lateral line complete, quite decurved before the dorsal. 

Dark above, almost black in the mid-dorsal region, with a metallic luster; 
sides brassy yellow to silvery, mottled irregularly with dusky; below the lateral 
line silvery white, ventral parts immaculate; top of the head dark green; sides of 
the head brassy to yellowish; a faint dusky caudal spot; fins hyaline or yellowish, 
dorsal usually somewhat dusky; length 6 to 10 inches. 

Breeding and old males with the body just back of the head and in front 
of the dorsal distinctly elevated; body above the lateral line with pearl organs 
(some bebw the lateral line in the caudal region); top of the head with conical 
homy tuberdes. General color of breeding males much the same as that of other 
individuals, all markings and colors, however, more prominent; dorsal fin with a 
series of heavy black A-shaped marks, one on each ray with the point toward the 
margin of the fin, the entire series forming a deeply serrate band crossing the middle 
of the dorsal, area below this black band yellowish or often bright orange-red; anal 
fin often marked much like the dorsal; other fins more or less yellowish. 
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The Stone-roller feeds upon the brown and green slime found on stones and 
debris in the stream, in this way taking diatoms, algae, small insect larvae and 
small snaib. Several specimens from Wray were found to have the alimentary 
tract filled with sandy mud in which almost nothing of food value could be found. 
The larger specimens of this fish were taken in the deeper parts of small streams, 
and the young from the more shallow weedy portions near shore. Several indi- 
viduals were collected in the quiet water back of a beaver dam on West Plum 
Creek. As a food fish the Stone-roUer has little value, although the larger indi- 
viduals are often eaten. The young make very good live bait for bass and both 
old and young live very well in large aquaria and small artificial ponds. 

Campostoma anomalum ranges throughout the Mississippi Valley west to the 
Rocky Motmtains. It spawns in the early spring. 

Colorado •pedmeiii. — UmversUy Museum: Boulder Cretk» Boulder, October, 1903 (7 speci- 
mens, 75-135 mm.). C. Juday and J. Henderson, No. 6; Boulder Cretk east of Boulder, 
May, 1909 (12 specimens, 9S-135 mm.), David Rusk and Donald Kloke, No. 31; West 
Plum Cretk near Castle Rock, June 8, 191 3 (12 specimens, 40-150 mm.), A. G. Vestal and M. M. 
Ellis, No. 329; South Platte River, Julesburg, July 19, 1912 (72 specimens, 50-120 mm.), J. 
Henderson and M. M. Ellis, No. 330; Lodgepole Creek near Ovid, July 20, 191 2 (4 specimens, 
75-120 mm.), J. Henderson and M. M. Ellis, No. 331; Boulder Cretk 6 ^^les east of Boulder, 
July 25, 1912 (4 specimens, 50-85 mm.), M. M. Ellis, No. 332; Republican River, Wray, Octo- 
ber 26, 1912 (63 specimens, 45-105 nmi.), A. G. Vestal and M. M. Ellis, No. 333. Reported by 
A. E. Beardslcy as common at Greeley until killed out by the refuse from the sugar factories. 

Subfamily Chrosoiunae 
Genus CHROSOMUS Rafinesque 
The Red-bellied Dace 
Ckrosomm Rafinesque, Ickikyoloiia OkUnsis, p. 47, 1820. 

Small herbivorous Cyprinids; alimentary canal about twice as long as the 
body; peritoneum black; no maxillary barbel; mouth terminal; lateral line 
short and interrupted or wanting; scales small, with apical, lateral and basal radii, 
65-90 in the latc^ line series. Species of the United States and lower Canada 
east of the Rocky Mountains. One species known from Colorado. 

Chrosomttt erythrogaster Rafinesque 
Red-bellied Dace 

Ckrosomm erythrogaster Rafinesque, IcIUkyologia OkiensiSt p. 47» 1820 (Ohio River). 
Represented in Colorado by the western subspecies. 

Chrosomus erythrogaster dakotensis (Evermann and Cox) 
Western Red-bellied Dace (Fig. 12) 

Ckrosomm dakotensis Evermann and Cox, Rept, US. Com, Fiskeries for 1894, PP* dOS'JO^* 
1896 (Crow CredL, Chamberlain, South DakoU). 

Ckrosomm erytkrogaster Rafinesque— Juday, Umo. Colo. Studies, Vol. n, p. 113, 1903 (Boulder 
and Longmont); Juday, BuU. U.S. Fisk Com. for 1904, p. 226, 1905 (Boulder; Longmont). 
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Body moderately compressed, depth 4.2 to 4. 7 in the length to the base of 
the caudal; head 3.8 to 4. 25 in the length of the body; snout short and rather 
blunt; eye prominent, its diameter about equal to the length of the snout, 1.25 
to 1.5 in the interorbital space, 3.5 to 4 in the head; dorsal margin of the eye 
almost on a level with the top of the head; mouth small and oblique; lower jaw 
very sli^^tly longer than the upper; an^e of the mouth barely reaching the level 
of the nostril; premaxillaries protractile; dorsal fin short but high, inserted behind 
the ventrals, base of the first ray of the dorsal nearer the base of the caudal than 
the tip of the snout; dorsal rays 7-9, usually 8; pectorals small, not reaching the 
ventrab; ventrals barely if at all reaching the anal fin; anal short and rather 
small; anal rays usually 8; caudal large, its width greater than the greatest depth 
of the body; scales very small, circular, with apical, lateral and basal radii, 15 to 
17, 78-88, 9 to 12; lateral line incomplete. 

General color above olive to brownish; a broad mid-dorsal strq)e of daiiL 
green to black; sides with two blackish stripes, one bq^inning at the tip of the 
snout and crossing the head throu^^ the eye as a more or less imperfect bar, con- 
tinuing from the posterior margin of the operde along the region of the lateral line 
as a heavy stripe and ending in a rather well-defined black caudal spot; the 
second stripe lying about midway between the stripe along the lateral line and the 
mid-dorsal one, narrower and less distinct, usually breaking up in the caudal 
region; a row of small black dots, often entirely wanting, between the second 
stripe and the mid-dorsal stripe; area between the first and second lateral stripes 
silvery, with a yellowish cast; r^on below the lower lateral stripe pink or yellow- 
ish, overlaid with silvery; fins, especially the ventrab and pectorals, yellowish, the 
rays outlined with blade; length 2. 5 inches or less. 

Males in the breeding season with the entire region below the first lateral 
stripe and the under parts of the head a bright vermilion red; ventral and pectoral 
fins bright yellow; dorsal fin yellow with a broad red spot at the base. 

Since the species Chrosomus dakotensis Evermann and Cox has been taken 
at Valentine in western Nebraska,' it was first thou^^t that the Colorado sped- 
mens might be referable to that spedes. On examination it was found that the 
12 specimens at hand did not warrant the recognition of such a spedes. C. dako^ 
tensis differs from C. erythrogaster in having 8 instead of 7 dorsal rays and in lacking 
the distinct caudal spot (vide Jordan and Evermann'). The tabulated comparison 
of data from the Colorado specimens and those from Maine and Nebraska shows 
no correlation of these characters (see Table U). 

It may be added that Forbes and Richardson' give the dorsal fin rays of C. 
erythrogaster as 7, rardy 6. The difference in the nimiber of fin rays between the 
Colorado specimens and the true C. erythrogaster from the eastern states seems 

• EvmcAMir amd Cox, Rtfi. US, Com, Pisktrksfor 1894, p. 395, 1896. 

• Butt. 4T, US, Nai. Mm., pp. 909-^zo, 1896. 

• Icklkyotogy of Ittimois, p. xxj, 1909. 
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constant enou|^ to retain the name of Evermann and Cox for the western sub- 
species. 

This little fish spawns in May and June and at this season the male is one of 
the most brilliantly colored of North American fishes. Smith' who has studied the 
spawning habits of C. erythrogaster in Michigan finds that two males with a female 
held between them by the pearl organs on their scales form a spawning unit. 
The eggs are laid on the gravel bottoms of shallow rapid streams. 

TABLE n 
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The food of this species, as shown by the contents of the alimentary canals 
examined, consists of the brown and green diatomaceous and algal slime and 
such other material as may be taken with this. So much green algal material 
was contained by the ^>edmens from West Plum Creek that the alcohol in which 
they were preserved became bright green within a few days. Two ^>edmens in 
this same collection were badly infected with larval trematodes. 

Ckrosomus erythrogaster and its varieties range throu^^out the northern 
portion of the Mississippi Valley, east into Maine and west into Colorado. 

Cotorado spedmant. — UnhersUy Musemm: St. Vrain Creek, LoUgmont, October 17, 1903 
(6s mm.), C. Juday and D. W. Spangler, No. 18; Boulder Creek, Boulder, October, 1903 (5 sped- 
mens, 60-65 mm.), C. Juday and J. Henderson, No. 27; West Plum Cretk near Castle Kotk, June 8, 
191a (6 specimens, 50-63 mm.), A. G. Vestal and M. M. Ellis, No. 334; BouUer Creek 6 miles 
east of Boulder, July 25, 191a (5 specimens, 40-60 mm.), M. M. Ellis, No. 335; Stale Teachers' 
College Museum: Greeley, A. E. Beardsley. 

Subfamily Pdcefhalinae 
Genus PIMBPHALBS Rafinesque 
The Fat-headed Minnows 
FimepkaUs Rafinesque, Icklhologia Okiensis, p. 5a, i8aa 

Small herbivorous Cyprinids; alimentary canal more than twice the length of 
the body; peritoneum black; premazillaries protractile; mouth terminal; head 

> <<The Spawnioff Hibits of Cknsenms tryikrogasler RafincMiiie," Biel. BuU., Vol XIV, pp. 9-tS, tgoS . 
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short and broad, its top usually somewhat flattened; no maxillary barbel; first 
(rudimentary) ray of the dorsal fin separated from the second, short, thick and 
bhmt, especially so in the males; lateral line more or less incomplete. Species 
of the Mississippi Valley, represented in Colorado by the Black-headed Minnow. 

Pimephales promelas Rafinesque 
Black-headed Minnow, Fat-head (Figs. 15, 17, 18 and 19) 

Fimepkales promdas Rafinesque, JclUkyologia Okietuis, p. S3> i^so (pond near Leadngton, 
Kentttdcy); Juday, Univ. Colo, Studies, Vol. II, p. 113, 1903 (Longmont); Juday, BuU. US. 
Fiih Com, for tgo4, p. 226, 1905 (Longmont). 

Fimepkaks promdas aM</erli»(Girard)— Jordan, BmU. US, FUk Com., Vol. DC, p. 16, 1889 
(Arkansas at Canyon Qty; Pueblo; pond near Omyon City; Fountain CredL near Pueblo). 

Fimepkaks maaiiosus Girard, Froc. Acad. Nat. Sci. Fkiia., p. 180, 1856 (sluices of the Arkan- 
sas River, Ft. Makee, Arkansas). 

Hyborkynckus mgeUus Cope, Wheeler Suruy, Vol. V, p. 671, 1875 (Arkansas River, Pueblo). 

Body short, deep and stout, slightly compressed; head short and rather 
^obose, its length about equal to the depth of Uie body; depth 3. 25 to 4 in the 
length to the base of the caudal; eye 4 to 4. 5 in the head, equal to or a little less 
than the snout, 3 to 3 in the interorbital distance; mouth terminal and small; 
an^e of the mouth not reaching the level of the anterior margin of the eye by 
about the diameter of the eye; nostril large, prominent, septum high; dorsal 
fin short, length of its base equal to or less than the length of the longest ray; first 
ray of the dorsal, especially in breeding males, short, thick and blunt, separated from 
the second; base of the first dorsal ray on a level with or sli^^tly in front of the 
ventrab; dorsal rays, not counting the first short thick one, 7 or 8; pectorals 
short, not reaching the ventrals by the diameter of the eye; ventrals reaching to 
the anal opening or beyond; anal fin short; anal rays, not cotmting the first short 
thick one, 7; caudal peduncle broad, its least depth less than 2 in the head; 
caudal fin deeply forked; scales 8 or 9, 45~55» 5 or 6; lateral line more or less 
incomplete, rather straight; length 4 inches or less, average specimens about 3 
inches in length. 

Color of young and females olivaceous above, shading to yellowish below, with 
a rather distinct mid-dorsal dusky stripe; young with a dusky lateral stripe 2 to 
4 rows of scales wide, extending from behind the gill opening to the base of the 
caudal fin; this strq>e usually wanting or incompletely developed in adult males 
and often very much reduced in adult females; sides of the body with a brassy 
luster; scales more or less outlined with dusky; fin rays often dusky. Breeding 
males with the entire head excepting the posterior margin of the operculimi dusky 
to jet black; outer third of the dorsal fin dusky, its first 2 or 3 ra3rs, including the 
first bltmt ray and the basal two-thirds of each of the remaining rays, dusky to 
jet black; membranous portion of the fins hyaline; the pre-dorsal region more or 
less swollen; anterior portion of the head with conical, white or yellow tubercles 
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arranged in three rows between the nostrils and the margin of the upper lip, and in 
two rows below the lower lip; three or more smaller tubercles just in front of the 
eye; males at other than the breeding season much like adult females, but more 
brassy in color and with a more or less dusky head. 

This species spawns in late spring, laying its eggs in sheltered places under 
stones and d6bris in shallow excavations. Males in breeding colors and with 
tuberdes, and females with the abdomen much distended with eggs were taken 
from West Plimi Creek at an altitude of 6,500 feet June 8, 191 2, and from Glacier 
Lake, Boulder Cotmty, at an altitude of 9,500 feet on July 30, 191 2. The smallest 
breeding male found was 55 mm. in length and the smallest female distended with 
eggs was 30 mm. long. Many of the Plum Creek specimens were badly infected 
with larval trematodes. Like the other small herbivorous Cyprinids with long 
intestines, the Black-headed Minnow feeds upon slime and ooze and the contained 
substances. The alimentary canab of the many specimens opened were packed 
with dark masses of this material. 

The Pimephales maculosus Girard described from the Arkansas River and 
based on specimens with a rather complete lateral line is here considered synony- 
mous with P. promelas since individuals in a single collection from the Republican 
River at Wray were found with quite complete and very incomplete lateral lines. 

Pimephales protnelas ranges throughout the western and upper portions of the 
Mississippi Valley and Great Lakes region. It is a species of the quieter, more 
weedy parts of small streams. 

Colormdo wp^dmtnM.—UniversUy Museum: St. Vrain CredL, Longmont, October 17, 1903 
(70 mm.), C. Juday and D. W. Spangler, No. 26; West Plum CredL near Castle Rock, June 8, 
iQia (is specimens, 4S-8onmi.), A. G. Vestal and M. M. Ellis, No. 336; Lodgepole Crtxk near 
Ovid, July 20, 191 2 (75 mm.), J. Henderson and M. M. Ellis, No. 337; Glader Lake, Boulder 
County, July 30, 191 2 (240 specimens, 45-55 mm.), Howell Ellis, No. 338; Boulder Creek 6 miles 
east of Boulder, July 25, 191 2 (60 mm.), M. M. Ellis, No. 339; Republican River, Wray, October 
26, 191 2 (504 specimens, 30-So mm.), A. G. Vestal and M. M. EUis, No. 340; Sells Lake, Canyon 
Qty, September, 191 2 (2 specimens, 40-45 nmi.), F. A. Reidel, No. 341; Siate Teachers' College 
Museum: Cache la Poudre near Greeley, A. £. Beardsley. 

Genus HTBOGNATHUS Agassiz 
The Silvery Minnows 
Hybognalkus Agassiz, Amer. Journ. Sci, Arts, p. 223, 1855. 

Small herbivorous Cyprinids; alimentary canal 3 to 8 times the length of the 
body; peritoneum black; inner surface of the lower jaw with a small, hard pro- 
tuberance near the tip; premaxillaries usually protractile; no maxillary barbel; 
first (rudimentary) ray of the dorsal fin adnate to the second; base of the first 
dorsal ray in front of the level of the ventrals. Species of central and southern 
United States and northern Mexico. 
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Hybognathttt nodudis Agassiz 
Silvery Minnow 

Hybognalkus mtchaUs Agassis, Amer. Jown. Sci, Arts, p. 224, 185s (Quincy. Illinois); Juday, 
Bull, UJ, Fiih Com. for 1904, p. 226, 1905 (Boulder; Longmont); Juday, Unio, Colo, Studies, 
Vol II, p. 113, 1903 (Boulder; Loogmoot). 

Hybognalkus nuchaUs placila (Girard)— Jokdan. Bull. US. Fish Com., Vol. DC, pp. 8 and 17, 
1889 (Denver; Pueblo). 

Body elongate and compressed; head subconic, rather long, its length equal- 
ling or exceeding the greatest depth of the body; depth 4 to 4. 5, or 5 (young), 
head 3.8 to 4. 75 in the length to the base of the caudal; eye medium, 3. 8 to almost 
5 in the head (Table III) ; snout rather prominent, tip of the snout rounded, pro- 
jecting slightly beyond the upper jaw; mouth small, terminal, slightly ventral, 
lips thin, an^e of the mouth not reaching the level of the anterior margin of the 
eye by half the diameter of the eye or more; inside of the median portion of the 
lower jaw enlarged at the tip, into a hard, more or less conical protuberance, so 
that the jaw when seen from in front is A-shaped; lower jaw shorter than the 
upper and obtuse at the tip; dorsal fin short and high, the length of its base almost 
3 in the length of its longest ray; base of the first ray of the dorsal distinctly 
in front of the level of the ventrab; dorsal of 8, sometimes 7 rays; pectorab short, 
about 1. 25 in the head, not reaching the ventrals by almost the length of the 
latter; ventrab just reaching the anal opening; anal fin short, of 8, rarely 7 rays; 
caudal pedtmde tapering, its least depth about 2 in the head, caudal fin moder- 
ately broad and dbtinctly forked; scales moderately brge and well imbricated, 
5 or 6, 36-40, 4; lateral line complete and prominent, straight, little if at all 
decurved in the pectoral region, pores brge; size rather small, length up to 6 
inches, average adults 3 or 4 inches in length. 

Color above the bteral line pale olivaceous to brownish green, with a dbtinct 
dusky mid-dorsal sinpCy sides and body below the bteral line silvery with a steel- 
blue iridescence; ventral parts cream color to silvery; scales in Uie region just 
above the bteral line widi nimierous fine blue-black chromatophores overlying 
an indbtinct dusky stripe (thb stripe b quite dbtinct or even prominent in pre- 
served specimens, but usually obscured in living specimens by the silvery color 
of the sides); fins hyaline, rays outlined with dusky. 

A western subspecies of thb Minnow, known as Hyhognaihus nuchalis placUa 
(Girard), has been recognized by some writers on the basb of the smaller eye, its 
diameter in thb variety being 5 in the head. Such specimens were found in the 
collections examined but, assodated as they were with specimens having larger 
eyes and not being confined to a particular drainage area, the subspecies b not 
separated from the species proper in thb report. Table m gives the niunber of 
times the eye was contained in the head for several series of specimens. 

Since the specimens with the small eyes occur in the collections from the 
Arkansas River drainage with one exception and the specimens from the Pbtte 
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and Republican drainages are quite similar in having larger eyes it may be shown 
by the examination of large series from the upper Arkansas that this subspecies 
is valid for that drainage. Hyhognatkus nuchalis flacUa (Girard) was described 
from the Arkansas River at Ft. Makee, in 1856, tmder the name of Hyhognatkus 
placUus Girard.' 

TABLE m 

DxAXEnm or the Eye in the Lemgtb or the Head 
LocaUtJ ' 3.S 30 40 41 4a 4-3 4-4 4S 4-6 4-7 4S 40 50 

Lodgepole Creek.. 12624112x1 
St. VninCieek.. 
Republican River. 

Canyon Qty 

Cripple CredL 



I 

I I 3 ... I I ... 1 
I 



Total. 



The Silvery Minnow is quite abundant in the plains streams of eastern Colo- 
rado where it is taken in company with Pimephales pramelaSy Natropis scylla and 
Catoskmus commersonii sucklii. Like that of the other herbivorous Cyprioids, its 
food consists of the slime and water-logged material at the bottom of the stream. 
This species is occasionally used as live bait but is not so valuable for that pur- 
pose as some of the other more hardy Cyprinids. Large individuals are often 
eaten. 

Hybognathus nuchalis ranges from the east coast through southern United 
States west to the Rocky Mountains and north throu^^ the Mississippi Valley to 
the Red River of the North. 

Colorado 9p%dm»OM.—Um9ersiiy Museum: Boulder Creek, Boulder, September and October, 
1Q03 (3 specimens, 45-55 mm.), C. Juday and J. Henderson, No. 24; St. Vrain Creek, Longmont, 
October 17, 1Q03 (85 mm.), C. Juday and D. W. Spangler, No. 17; South Platte River, Julesbuig, 
July 19, 1912 (12 specimens, 70-100 mm.), J. Henderson and M. M. Ellis, No. 342; Lodgepole 
CredL near Ovid, July 20, 191 2 (57 specimens, 65-95 mm.), J. Henderson and M. M. Ellis, No. 343; 
Boulder CredL 6 miles east of Boulder, July 25, 191 2 (38 specimens, 50-75 mm.), M. M. Ellis, No. 
344; Republican River, Wray, October 26, 191 2 (161 specimens, 35-80 mm.), A. G. Vestal and 
M. M. Ellis, No. 345; 4 miles west of Cripple Creek, July, 1913 (80 nmi.), F. A. Hassenpflug, No. 
346; Sells Lake, Canyon City, September, 19x3 (2 specimens, 50-60 mm.), F. A. Rddd, No. 347; 
Colorado StaU Hisioncal and Natural History Museum: Clear CredL near Denver, August 7, 1900 
(150 nmi.), W. C. Ferril; State Teachers' CoUege Museum: Greeley, A. E. Beardsley. 

Subfamily Leuoscinae 

To this subfamily belong all of the species of carnivorous Cyprinids found in 
Colorado. Most of them are small forms represented by large numbers of indi* 
viduals in the small plains streams of eastern Colorado. One species is found in 
the Rio Grande drainage and three west of the Continental Divide in Colorado. 
One of these western slope species is the enormous ''White Salmon." 

> Proe, Acad. Nat. Sci. PkUa., p. x8a, x8$6. 
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Genus PEBNACOBIUS Cope 
The Sucker-mouthed Minnows 
Fkenaeobims Cope, Froe. Acad, Nat. Sci. Fkila,, p. 96, 1867. 

Rather smaU, elongate, carnivorous Cyprinids; alimentary canal short; 
peritoneum white; mouth ventral and sucker-like; premaxiHaries protractile; 
no maxillary barbel; scales rather large, lateral line complete; first ray of the dor- 
sal adnate to the second; base of the first ray of the dorsal in front of the level of 
the ventral fins. Species of the western and southern portions of the Mississippi 
Valley. A single species is found in eastern Colorado. 

Phenacobittt mirabills (Girard) 
Sucker-mouthed Minnow (Figs. 20, 31, 32, 23 and 24) 

Exoglossum mirabile Girazd, Froc. Acad. Nat. Set. Fhiia., p. i9i» 1856 (Arkansas River, Ft. 
Smith). 

Sarcidium scopifenm Cope, Hayden Gtal. Swruy of Wyoming for 1870, p. 440, 187 1 (Missouri 
River near St. Joseph, Blissouri). 

Fkenacobim scop^fer (Cope) — ^Juday, Umo. Colo. Studies, VoL II, p. 113, 1903 (Longmont); 
COCKEBELL, Science, N.S., Vol. XXXIV, p. 615, 1911 (Julesburg). 

Body rather elongate, fusiform, and somewhat compressed behind the dorsal, 
depth 4. 25 to 5 in the length to the base of the caudal; head broad and flattened 
above, rather short and blunt, in some males covered with fine tubercles, its length 
3.9 to 4. 5 in the length of the body to the base of the caudal; dorsal and ventral 
profiles both sloping toward the tip of the snout; snout broad and blunt, overhang- 
ing the mouth; eye prominent, mediimi, situated about midway between the tip 
of the snout and the posterior margin of the operde, in the upper half of the side 
of the head, its upper margin almost on a level with the flat portion of the top 
of the head, its diameter about i . 5 in the interorbital space, i . 75 to 2 in the snout, 
And 3.75 to 4.75 in the head; nostrils large and prominent, directed dorsally; 
mouth ventral and sucker-like; lips large and fleshy, the upper recurved around 
the an^es of the mouth; premazillaries protractile; dorsal fin rather short, inserted 
in front of the ventrals and in the anterior half of the body, the base of the first ray 
of the dorsal being nearer the tip of the snout than the base of the caudal by the 
length of the snout or more; dorsal rays usually 8, rarely 7 or 9; pectorab not 
reaching the ventrals; ventrab barely if at all reaching the anal opening; anal 
shorter than the dorsal; anal rays 7, rarely 8; caudal large, its width equal to or 
greater than the .greatest depth of the body; scales 6 or 7, 44-52, 5 or 6, rather 
circular, with 12 to 29 apical radii and rarely one or two basal radii. 

Body above the lateral line dusky olive to brownish, mid-dorsal region with a 
very narrow but distinct dark stripe which is more prominent in front of the dorsal 
than behind it; a rather broad stnpe of bluish, greenish or dark-blue color, along 
the lateral line, ending in a distinct black caudal spot; a double series of small 
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black hyphen-shaped marks, one on each side of the pore in each scale of the lateral 
line, forming the middle of the lateral stripe; below the lateral stripe immaculate, 
white to cream color, often tinged with pink; sides as a whole silvery; top and sides 
of the head to the level of the lower margin of the eyes dark; rays of the dorsal, 
of the caudal excepting the most ventral ones, and those of the other fins to some 
extent, outlined with black; scales above the lateral line outlined with dusky; 
length 4 inches or less. 

The Sucker-mouthed Minnow is a species of the shallow rapid streams of the 
western portion of the Mississippi Valley, ranging east of the Rocky Mountains 
to Illinois and from South Dakota south into southern Texas. Each of the Colo- 
rado collections of this species was made in dear shallow water with a sand or 
gravel bottom. This minnow feeds on the small insect larvae and snails found on 
the stream bed. 

Colorado ipocimeiis.~C^iiM€rM^ Museum: St. Vrain Creek, Longmont. October 17, 1903 
(3 specimens, 95-100 mm.)* C. Juday and D. W. Spangler; Lodgepok credc near Ovid, July 20, 
XQia (16 specimens, 75-95 mm.)» J. Henderson and M. M. Ellis, No. 348; Boulder Cretk 6 miles 
east of Boulder, July 25, 191 a (8 specimens, 60-70 mm.), M. M. Ellis, No. 349* 



Genus RICHARDSONIUS Girard 
The Dace 
Rickardsomus Girard, Proc. Acad. Nat, Set. FkUa., p. 201, 1856. 

Moderately large to small carnivorous Cyprinids; alimentary canal short; 
mouth rather large, terminal and slightly oblique; no maxillary barbel; lateral 
line decurved, usually complete; pharyngeal teeth* in two rows, 2-5-5-2, 1-5-4-1 
or rarely 1-4-4-I; usually hooked and without grinding surfaces. Most species 
of this genus are found west of the Rocky Mountains, although the genus is 
represented in the Mississippi Valley and eastern United States. The species are 
variable and concerning many little is known. In general the species of Richard- 
sonius have finer scales and are laiger and more elongate than the species of 
NoUropis which, in many respects, they resemble. Two species' of Richardsonius 
are known from Colorado. 

'The foniMiUe refer to the number of teeth in the two tows on each side of the head. By 9-5-4-1 is 
undentood 5 Urge teeth in one row with a tmaller ones in front of them on one side of the head, mnd 4 huse 
teeth with x smsU one in front of them on the opposite side of the head, i.e., the fish need not be biUtenHy 
symmetrical as regards phaxyngeal teeth. To «nraminf these teeth, raise the operculam, insert a small pair 
of forceps or a hook behind the last gill, seise the phaxyngeal bone which lies just behind and below the last 
gill, and remove the bone. Wash the adhering matexial from the bone and the teeth may be readily counted 
with a low-power lens. Care must be used not to break off the teeth while removing the bone from the fish 

• Professor A. E. Beaidsley reports to the writer the species RichardsorUus kUennedim (Girard) from 
Dnrsngo, Colorado. Since no specimens of this species have been examined in the present study, it is not 
listed. If found it may be separated by the smaller scales (the formula being X5, 73-78, g) from R. pukkaUus, 
which it ckwely resembles. X. lnteniMrf^ is a spedes of the Gila River. 
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a. Scales quite small, 60 to 70 in the literal line; size rather large, length up to 12 inches; color 
bluish ^very, no lateral stripe; species of the Rio Grande. 

R. pukkdhts (Baiid and Girard) 

at. Scales larger, 45 to 47 in the lateral line; size small, length 3.5 inches; with a dusky lateral 

stripe; spedes of the South Platte R. eoermanm (Juday) 

Richardsoniiis pulchelltu (Baird and Girard) 
"Pescadito," Rio Grande Chub 

Gila puUkeUa Baird and Girard, Proc, Acad. Nai. Set. FkUa., p. 29, 1854 (Rio Mimbres, 
Lake Guzman, Chihuahua). 

Tigoma mgrescens Girard, Prtfc. Acad. Nat. Set. Phila., p. 207, 1856 (Boca Grande and Janos 
River, Chihuahua). 

Uttdscus ptdcker (Girard)— Joboan, BuB. US. Fish Com., Vol. IX, p. 20, 1889 (Rio Conejos 
15 miles south of Alamosa; Del Norte). 

Leuciscus nigrescent (Girard)— Jordan and Evesmanm, BuU. 47, U.S. Nat. Mus., p. 23S> 
1896 (Rio Grande, Alamosa); Cockessix and Allison, Proc. Biol. Soc. Wash., Vol. XXII, p. 159, 
1909 (Alamosa). 

CUnostomus pandora Cope, Hayden Snney of Montana for 1871, p. 475> 1873 (tributaries of 
the Rio Grande, Sangre de Cristo Pass). 

Body elongate, subterete, not strongly compressed; head conical; depth 
4 to 4.5, head 3.8 to 4.2 in the length to the base of the caudal; eye large, 4 
(young) to 5. 5 in the head, about i. 25 in the snout and i. 25 to almost 2 in the 
interorbital distance; mouth large, slightly if at all oblique; angle of the mouth 
barely if at all reaching the anterior margin of the eye; dorsal fin short and rather 
high, of 8 rays, length of its base less than that of its longest ray, base of the first 
dorsal ray just behind the level of the ventrals; pectorals long, almost reaching the 
ventrals; ventrals just reaching the anal opening; anal fin short, of 7 or usually 8 
rays; caudal pedunde rather narrow, its least depth a little more than 2 in the 
head; caudal fin rather narrow and deeply forked; scales small, closely imbricated, 
IS to 17, 60-70, 10 or 11; lateral line complete and strongly decurved in the 
pectoral region; size moderately large, length 12 inches or less. 

Color above the lateral line dark, iridescent steel blue, mid-dorsal region with 
a faint dusky stripe; sides of the body and head densely sprinkled with purplish- 
blue chromatoi^ores; below the lateral line lighter, shading to silvery white 
ventrally; dorsal, caudal, and to some extent the anal, fins, sprinkled with dusky; 
top of the head dark; axil of the pectorals and ventrals, and body at the base of 
the anal yellowish to orange-red. 

This spedes is known only from the Rio Grande drainage, ranging from Colo- 
rado south into Mexico. It is very abundant and very variable and as a result 
several spedes now considered as synonyms of this one have been proposed. 

Colorado tpedmeiis.— C^iMtern^ Museum: Rio Grande, Alamosa, August, 1889 (no mm.), 
D. S. Jordan, No. 350; San Luis Lake, CostiUa County, June s, 1909 (3 specimens, 170-^90 mm.), 
£. R. Warren, No. 351; Rio Grande, Alamosa, July 27, 19x2 (251 specimens, 50-200 nmi.), M. M. 
Ellis* No. 3S3. State Teachers* College Museum: Antonito, Conejos County, A. E. Beardsley; 
Colorado College Museum: San Luis Lake, Costilla County, June s* i909> E. R. Warren. 
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Richardsonittt everauumi (Juday) 
Evehmann's Dace 
Leuciscus evermanm Juday, Univ. Colo. Studios, Vol. II, p. 113, 1903 (Boulder Cieek, Boulder) ; 
Idem, Bull. U.S, Fitk Com. for i(f04, p. 226, 1905 (Boulder Creek, Boulder). 

Body elongate, somewhat compressed; head about 3.75, depth about 4.5 
in the length to the base of the caudal; eye about 4. 5 in the head, a little more 
than I in the snout, and i . 5 in the interorbital distance; mouth large, angle of the 
mouth almost reaching the level of the anterior margin of the eye; base of the first 
ray of the dorsal fin on a level with the base of the ventrab, dorsal rays 8; pecto- 
rals short, not reaching the ventrab by the diameter of the eye; ventrals passing 
the anal opening but scarcely reaching the anal fin; anal fin of 8 rays; caudal 
peduncle rather broad, about 2 . 5 in the head; scales 8 or 9, 45-47, 5, 25 in the pre- 
dorsal series; lateral line interrupted, decurved in the pectoral region. Dusky 
above, lighter below; a dark mid-dorsal stripe and a dusky lateral band; scales 
outlined with dusky, giving the body above the lateral line somewhat reticulated 
pattern. 

This species is known at present from three specimens collected by Juday in 
1903 in Boulder Creek near Boulder. The above description was made from 
Cotype No. i, University of Colorado Museum, No. 14. 

Genus NOTROPIS Rafinesque 
The Shiners 
Notropis Rafinesque, Amer. MotUkly Magiuine, Vol. n, p. 204, 1818. 

Small compressed or elongate, carnivorous Cyprinids, the larger species rather 
deep; alimentary canal short; mouth terminal, usually not very large; no maxil- 
lary barbel; pharyngeal teeth (see Richardsonius) in one or two rows, 0-4-4-0, 
1-4-4-1 or 2-4-4-2; species very nimierous and variable, distributed throu^^out 
the United States and lower Canada east of the Rocky Mountains. The follow- 
ing key will serve to separate the Colorado species of this genus. 

Key to Colokado Species op Noniopis 

a. With dusky lateral band or stripe, or at least dusky lateral clouds; sides more or less silvery* 
b. Lateral stripe prominent, extending across the side of the head through the eye to the tip 

of the snout N.cayugaMtdL 

bb. Lateral stripe not extending across the head to the tip of the head, often rather indistinct 
and much interrupted. 
c Anal rajrs 7 or 8; body ebngate and not deep. 

d. Entire predorsal region usually scaleless, or scales if present in this region small, 

crowded and wanting near the head N. piptokpis (Cope) 

dd« Predorsal region regularly and evenly scaled; 14 to 16 scales of rather uniform sixe, 

in front of the dorsal fin N.scyila (Copt) 

€C« Anal rays 9 or 10. 

e. s to 7 scales between the base of the first ray of the dorsal fin and the lateral line. 
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f. Body elongate; depth 5.3 in the length N, koraiii Cockeiell 

ff. Body compressed, quite deep in adults; depth 4.4 (young) to 3.35 (aduht) in 
the length; scales on the sides much deeper than long. N. comuhu (Mitchill) 
••• g scales between the base of the first ray of the dorsal fin and the lateral Une. 

N, umtirsUaiis Evermann and Cockerell 
M. Without dusky lateral bands or clouds; body much compressed anfl deep; color bluish, sides 
dull silvery, a dusky violet humeral bar; fins of the males often bright red. 

N. ItOremsis (Baird and Girard) 

Notropis cayuga Meek 
Cayuga Shiner 

Notropis cayuga Meek, Anm, Acad, Nat. Hist, N,Y., p. 305, 1888 (Cayuga Lake, New York); 
JuDAY, Umo. Colo. Studies, Vol. n, p. 113, 1903 (Longmont); Juday, Bull, U,S. Pisk Com, for 
igo4, p. 337, 1905 (Longmont). 

Body elongate, not strongly compressed, head rather long; depth 4. 5 to 5. 25, 
head 3. 75 to 4 in the length to the base of the caudal; eye large, 3 to 3. 5 in the 
head and about i in the snout; mouth small terminal and some^diat oblique, 
angle of the mouth not reaching the level of the anterior margin of the eye; dorsal 
short and high, base of its first ray posterior to the level of the ventrab; dorsal 
rays 8; pectorab short, not reaching the ventrals; ventrab reaching the anal 
opening; anal fin of 8 or sometimes 7 ra3rs; scales 5, 34-38, 3 or 4, lateral line rather 
strai^t, somewhat interrupted; 12 to 16 rows of scales in front of the dorsal fin; 
size small, length 3.5 inches or less. 

Color olivaceous dorsaUy, shading to lighter below; sides more or less silvery; 
a very faint dusky mid-dorsal stripe; a dbtinct black lateral stripe extending from 
a faint spot at the base of the caudal fin along the lateral line, across the side of 
the head, throu^ the eye to the tip of the snout; scales above the lateral line 
outlined with dusky. 

This little shiner ranges through northern United States and lower Canada 
east of the Rocky Mountains and south into Arkansas. It spawns in late spring 
and early summer. 

Colorado tpedment.— l^ntiernfy Museum: Boulder Creek, Boulder, October, 1903 (6 speci- 
mens, 45-te mm.), C. Juday and J. Henderson, No. 25. 

Notropis piptolepis (Cope) . 
Platte River Shiner 

Pkotogeuis piptolepis Cope, Haydeu Geol. Survey 0/ Wyoming for 1870, p. 438, 187 1 (Red 
CkNid Creek, tributary of the North Platte River). 

Notropis piptolepis (Cope)— Juday, Umv, Colo. Studies, Vol. n, p. 113, 1903 (Boulder); 
Juday, Bull, U,S, Pisk Com. for 1904, p. 227, 1905 (Boulder). 

Notropis gUberti Jordan and Meek— Jordan, Bull. U,S. Pish Com., Vol IX, p. 8, 1889 
Donrer. (Listed as possibly Pkotogems piptolepis Cope.) 

Body elongate, subterete, but slightly compressed; head rather long; depth 
4 to 4. 5, head 3. 75 to 4 in the length to the base of the caudal; eye rather large, 
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3 to 3 . 5 in the head, about i in the snout ; mouth small and rather ventrally placed, 
an^e (rf the mouth not reaching the level of the anterior maigin of the eye; pharyn- 
geal teeth usually 1-4-4-1; dorsal fin short and high, length of its base about 1.5 
in the length of the longest ray, base of the first dorsal ray on a level with or 
very slightly behind the base of the ventrals; dorsal ra3rs 7 or 8; pectorals short, 
not reaching the ventrals; ventrab barely reaching the anal opening; anal fin 
short, of 7 or 8 rays; scales 5 or 6, 38-42, 4; lateral line complete and somewhat 
decurved in the pectoral region ; predorsal region without scales, or scales if present 
small and much crowded just in front of the dorsal and wanting near the head; 
size small, length 3 inches or less. 

Color above the lateral line yellowish or li^t olivaceous, overlaid with dusky 
or greenish; sides silvery, lighter ventrally; a distinct dusky mid-dorsal stripe; 
a dusky bluish lateral stripe along the lateral line, this stripe often much inter- 
rupted and obscured by the silvery color of the sides; a series of small, black 
hyphen-shaped marks on each side of the pores of the lateral line; fins hyaline, 
rays more or less outlined with dusky. 

This shiner is much like the following species, Natropis scyUa, from which it 
may be recognized most easily by the absence of scales in the predorsal region. 

Nairopis pipkdepis is known only from the western portion of the Platte River 
drainage, being a ^>edes of the small shallow streams of the plains and foothills. 
Most of the females of this species collected at Boulder, July 25, 191 2, were dis- 
tended with well-developed eggs, so it is probable that the spawning season is 
July and early August. 

Colorado wptdm9nM.—Umversiiy Museum: Boulder Creek, Boulder, October, 1903 (127 
specimens, 55-70 mm.), C. Juday and J. Henderson, No. g; West Plum Creek near Castle Rock, 
June 8, 191 2 (50 specimens, 35-75 mm.), A. G. Vestal amd M. M. EUis, No. 353; South Platte, 
Julesburg, July 19, 1912 (5 specimens, 60-70 mm.), J. Henderson and M. M. EUis, No. 354; Lodge- 
pole Creek near Ovid, July 20, 19x2 (15 specimens, 50-70 mm.), J. Henderson and M. M. Ellis, 
No. 355; Boulder Creek 6 miles east of Boulder, July 25, 1912 (iz specimens, 40-65 mm.), M* 
M. ElUs, No. 356. 

Notropis BcjUa (Cope) 
Western Shiner (Fig. 28) 

Bybcpsis scyila Cope, Bayden Geoi. Survey nf Wyoimng for 1870, p. 438, 1871 (Red Cloud 
Creek, tributary of Platte River); Cope and Yauow, Wkeekr Survey, Vol. V, p. 566, 1875 (Foun- 
tain Creek). 

Notropis scyUa (Cope)— Jokdan, BuU. US. Pish Com., Vol. IX, p. 8, 1889 (Denver; Puebk>); 
Juday, Univ. Colo. Studies, Vol II, p. 113, 1903 (Boulder; Longmont); Juday, BuU. US. Pish 
Com. for IQ04, p. 227, 1905 (Boulder; Longmont). 

Body elongate, slightly compressed, head rather long; depth 3.9 to 4.5, 
(3.6 in gravid females), head 3.75 to 4 in the length to the base of the caudal; 
eye rather large, 3 to 3. 5 in the head, about i in the snout and i to i . 5 usually 
about 1 . 25 in the interorbital distance; snout short, abrupt and rounded anteri- 
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orly, slightly overTianging the closed mouth; mouth rather small, oblique to 
ventral; ang^e of the mouth not reaching the anterior margin of the eye, but on 
a level with the nostril; pharyngeal teeth usually 0-4-4-0, distinctly hooked; 
dorsal fin short and rather high, length of its base about i . 5 in the length of its 
longest ray; base of the first ray of the dorsal on a level with the base of the 
ventrals, dorsal rays 7, sometimes 8; pectorals short, not reaching the ventrals 
by almost the length of the latter (females) or by about one-half the length of the 
ventrals (males) ; ventrab barely if at all reaching the anal opening; anal fin short, 
of usually 7 rays; scales large, 5 or 6, 33-39, 4; lateral line complete, slightly 
decurved in the pectoral region; predorsal region regularly scaled, 14 to x6 scales 
in front of the dorsal; size small, length 3 inches or less. 

Color above the lateral line yellowish overlaid with dusky and greenish; 
sides silvery, ventral parts cream color to white; mid-dorsal region with a narrow 
but distinct dusky stripe (indistinct in but 3 out of 147 specimens examined for 
this character) ; sides just above the lateral line with a dusky bluish stripe, usuaUy 
rather distinct in the caudal half of the body, where in the yoimg it ends in a small 
caudal spot, this spot often indistinct in adults; a row of hyphen-shaped black 
marks on each side of the lateral line pores; scales above the lateral line outlined 
with dusky giving the upper half of the body, especially in the predorsal region, 
a distinctly reticulated pattern; fins hyaline, ra3rs often outlined with dusky; 
head dark above. 

Notropis scyUa is a species of the plains streams of the western part of the Mis- 
sissippi Valley near the Rocky Mountains. Females taken at Julesburg and 
Ovid, July 19 and 20, 191 2, were distended with well-developed eggs. 

Colorado tpedmont.— l^nisefjify Museumi Boulder Creek, Boulder, October, 1903 (3 
spedmens, 60-75 mm.), C. Juday and J. Henderson, No. 28; St. Vrain Creek, Longmont, Octo- 
ber i7» 1903 (3 specimens, 60-70 mm.), C. Juday and D. W. Spangler, No. ao; South Platte, 
Julesburg, July 19, 191 2 (174 spedmens, 40-70 mm.), J. Henderson and M. M. Ellis, No. 357; 
Lodgepole Creek near Ovid July 20, 191 2 (18 specimens, 50-75 mm.), J. Henderson and M. M. 
ElUs, No. 358; Republican River. Wray, October 26, 191 2 (51 specimens, 3C^7o mm.), A. G. 
Vestal and M. M. Ellis, No. 359; State Teachers' College Museum: Cache la Poudre near Greeley, 
A. E. Beardsley. 

Notropis horatii Cockerell 
Notropis hcroHi Cocker^, Scieuce, N.S., Vol. XXXIV, p. 614, 1911 (South Platte, Julesburg). 

A very doubtful ^)ecies, based at present on a smgle specimen. Although 
extensive collections have since been made at the exact station from which this 
unique specimen was taken, no other individuab referable to this species have been 
found. The following data are compiled from the original description: 

Head 5. 3 in the length to the base of the caudal; dorsal ra3rs 8; anal ra3rs 9; 
scales 5 or 6, 3S-40, 4; eye a little more than i in the snout; mid-dorsal stripe 
present; length 47 mm. 
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Notropis comotus (Mitchill) 
Common Shiner (Figs. 27 and 60) 

Cyprimus comuhu Mitdiill, Amer, MonMy Magowme, Vol. I, p. 289, 1817 (Wallkill River, 
New York). 

Notropis comuku (Mitdull)— Juday, Umo, Colo. Studies, Vol. II, p. 1x3, 1903 (Boulder; 
LongmoDt); Juday, Bull. U.S. Pish Com, for 1904, p. 227, 1905 (Boulder; Longmont). 

Notropis megalops (Rafinesque)— Jokdan, BuU. U.S. Pish Com., Vol IX, p. 8, 1889 (Denver). 

Body moderately elongate (yoting) and quite con^>res8ed (adults), and in 
adults moderately deep; depth 4. 25 (young) to 3. 2 (adult), head 4. 25 to 3. 7 in 
the length to the base of the caudal; head short and rather chubby; eye large, 4 
to 5 in the head, about x . 5 in the snout and 2 in the interorbital distance; mouth 
large, slightly oblique, angle of the mouth not reaching the anterior margin of the 
eye; nostril large and prominent, situated oh the dorsal surface of the head about 
one-half of the diameter of the eye in front of the eye; dorsal fin short, of 8 rays, 
base of the first ray nearer to the tip of the snout than to the base of the caudal, 
about on a level with the ventnds; pectorals short, not reaching the ventrals; 
ventrals barely if at all reaching the anal opening; anal fin of about the same length 
as the dorsal, of 9, sometimes xo ra3rs; caudal peduncle moderately deep, its least 
depth about 2. 5 (young) to 2 (adult) in the head; caudal fin broad and deeply 
forked; scales large, those on the sides with the exposed portion much deeper than 
long, 6 or 7, 37-45, 3 or 4, 16 or more in front of the dorsal; lateral line complete^ 
strongly decurved in the pectoral region; length 9 inches or less, average adidts 
about 4 inches in length. 

Color olivaceous dorsally, shading to almost white below, sides silvery, with 
a bluish iridescence; mid-dorsal region especially in the young with a narrow 
rather well-defined, dusky stripe; lateral line region with a broad dusky lateral 
stripe, sometimes quite prominent, but in adults usuaUy much interrupted and 
poorly defined; top of the head dark bluish green; dorsal and caudal fins dusky. 
Sides of breeding males much blotched with salmon pink and dusky emerald green; 
dorsal, caudal and anal fins broadly margined with rose pink; pectorals and ven- 
trab cream color with suffuse pink along the ra3rs; anterior margin of the pec- 
torals dusky blue; top of the head with numerous homy tubercles; throat and 
under parts of the head pearly white; sides with a steel-blue iridescence. 

The conunon shiner ranges over the whole of the United States east of the 
Rocky Moimtains excepting the southern portion of the Mississippi Valley, and 
through lower Canada. It is often the most abundant fish in the snudl dear 
streams of the central states. From an economic standpoint the shiner is of little 
importance except as its yoimg are eaten by other more valuable fishes. Large 
specimens are, however, often eaten, as this species readily takes any sort of 
still bait. By some it is recommended as live bait for bass. 

Notropis cornulus spawns in late spring. Like that of most of the other 
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q)ecies of this genus, its food consists of surface insects, aquatic insects and some 
plant material, other types of food being utilized occasionally. 

Coknmdo wpt€im»nM.—UnmrsUy Museum: Boulder Creek, Boulder, October, 1903 (5 sped- 
mens, 90-140 mm.)> C. Juday and J. Henderson, No. 2; St. Vrain Creek, Longmont, October 17^ 
1903 (laomm.), C. Juday and D. W. Spangler, No. 41; Boulder Creek, Boulder, April 23, 1904 
(2 specimens, 150 mm.), J. Henderson, No. 23; West Plum Creek near Castle Rock, June 8, 19x3 
(148 specimens, 3S-I35 mm.), A. G. Vestal and M. M. Ellis, No. 360; Boulder Creek 6 miles east of 
Boulder, July 25, 1912 (92 specimens, 50-130 mm.), M. M. Ellis, No. 361; South Platte, Julesburg, 
July 19, 191 2 (66 specimens, 70-100 mm.), J. Henderson and M. M. Ellis, No. 362; Lodgepole 
Creek near Ovid, Ju^r 20, 1912 (59 specimens, 75-125 mm.), J. Henderson and M. M. Ellis, No. 363; 
Slate Teachers* Cottege Museum: Cache la Poudre near Greeley, A. E. Beardsky; Coftfroiff C^Mefe 
Museum: Cache la Poudre River near Greel^, I. C. Hall. 

Notropis universitatis Evermann and Cockerell 

Nolropis umeersUaHs Evermann and Cockerell, Proc. Biol. Soc, Waskmgkm, Vol. XXII, p. 187, 
1909 (Boulder CredL, Boulder). 

This species is based at present on one specimen collected in Boulder Creek 
at a time when all of the fishes were killed by the introduction of rrdne waste in 
the canyon above Boulder. No other specimens have been found in the several 
subsequent collections made at Boulder. The original description is quoted below: 

Close to N, umatus, but with smaller scales and different coloration. There are 45 scales in 
the lateral line and 9 between the origin of the dorsal and the lateral line, as against 42 and 6 in 
N. umatus. A pale-orange dorsal band on a bright straw-yellow ground, the scales minutely 
black-dotted, but not appearing dusky margined; sides strongly silvety; lateral line complete; 
a grayish lateral stripe; dorsal and caudal fins yellowish; dorsal and chin black-qieckled. 

Notropis lotrensis (Baird and Girard) 
Redfin (Fig. 29) 

Leuciscus lutreusis Baird and Girard, Proe. Acad. Nat. Sci. PkUa., p. 391, 1853 (Otter Credc, 
tributary of the north fork of Red River, Arkansas). 

Notropis lutreusis (Baird and Girard)— Jokdan, BuU. U.S. Pish Com., Vol. DC, pp. 8 and z6, 
1889 (Denver; Pueblo; Fountain Creek, Pueblo); Juday, Univ. Colo. Studies, VoL II, p. 113, 1903 
(Longmont); Juday, BuU. U.S. Pish Com. for iff04, p. 227, 1905 (Longmont). 

Hypsilepis jugaUs (Cope)— Cope amd Yaxsow, Wheder Survey, VoL V, p. 654f i875 
(Pud>b). 

Body strongly compressed, rather deep in adults; head short and conic; 
depth 3. 25 to almost 4, head 3. 75 to 4. 25 in the length to the base of the caudal; 
young and females more slender than adult males, their depth often as low as 5 in 
the length; eye 3 (very small specimens) to 4 (adult males) in the head, about 
2. 25 in the interorbital distance and i to i . 5 in the snout; mouth small, terminal 
and oblique, angle of the mouth not reaching the anterior margin of the eye; 
nostril prominent, on the dorsal surface of the head, septum large; dorsal fin short 
and high, of usually 8 rays, length of its base less than that of its longest ray 
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base of the first ray of the dorsal slightly behind the level of the ventrab; pec- 
torab short, i or a little more in the head, not reaching the ventrals; ventrals 
reaching the anal opening or the base of the anal fin; anal fin short, of 8 or 9 rays, 
length of its base less than that of its longest ray; caudal peduncle rather narrow, 
its least depth 2 or a little more in the head; caudal fin rather broad and deeply 
forked; scales large, closely imbricate, those on the sides broader than long, 6, 
35-40,3; lateral line complete, strongly decurved in the pectoral region; size small, 
length under 4 inches, average adults 3. 5 to 3 inches. 

Young and females pale olivaceous dorsally, with a bluish or lead-gray cast, 
shading through dull silvery to almost white below; adult males dusky dorsally, ' 
the region above the lateral line a bright steel blue, with a purplish or pinkish 
iridescence; dull silvery below the lateral line; top of the head bluish; scales 
in both sexes, especially above the lateral line, rather regularly outlined with 
dusky or bluish, giving the sides a somewhat reticulated pattern; adults with a 
long narrow triangular dusky violet humeral spot, margined behind with paler; 
fins in all excepting breeding males rather h3raline, the dorsal and caudal some- 
what dusky, and the anal and ventrals whitish; in breeding males, dorsal reddish, 
pectorals, ventrals and anal yellowish to cherry-red; the head and predorsal region 
with small tubercles; operculum and sides of the body posterior to the violet 
humeral spot with more or less red. 

The Redfin is one of the more abimdant fishes of the western portion of the 
Mississippi Valley, ranging from the Rio Grande River north through western 
United States east of the Rocky Mountains into South Dakota, and east into 
Illinois. 

Colorado ■pedmeiit.—C/mMfxt/y Museum: St. Vrain CredL, Longmont, October 17, 1903 
(6 specimens, 50-70 mm.)» C. Juday and D. W. Spangler, No. 13; Lodgepole Creek near Ovid, 
July 20, 191a (33 spedmenst 40-7$ mm.), J. Henderson and M. M. EUis, No. 364; Republican 
River, Wray, October 26, 191 2 (13 specimens, 30-85 mm.), A. G. Vestal and M. M. Ellis, No. 365; 
4 miles west of Cripple Creek, July, 1913 (^ specimens, 165-170 mm.), F. A. Hassenpflug, No. 366; 
Colorado State Historical and Nahiral History Museum: South Platte River near Denver, August 
3, 1900 (65 mm.), W. C. Ferril; State Teachers* College Museum: Cache la Poudre near Greel^r, 
A. E. Beardsley. 

Genus PTTCHOCHBILUS Agassiz 
The Squawfish and "White Sahnon" 
Ptyckockeilus Agassiz, Amer. Joum. Sci. Arts, p. 229, 1855. 

Very large carnivorous Cyprinids, the largest known North American Cypri- 
nid being a member of this genus; body rather elongate; head long and pike- 
like; alimentary canal short; caudal pedimcle not abruptly narrowed just in 
front of the caudal fin; basal fulcra of the caudal fin not strongly developed. 
All of the species of this genus are foimd west of the Continental Divide. Ptycho- 
cheilus is represented in Colorado by the "White Salmon." 
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Ptychocheilot ludiit Girard 
"White Salmon'' of the Colorado 

PtyckocheUus htcius Girard, Proc. Acad. Nat. Sci. Pkila., p. 209, 1856 (Rio Colorado); Jokdan» 
BtiU. U.S. Pisk Com., Vol. DC, p. 28, 1889 (Gunnifloii and Uncompahgre rivers at Ddte). 

Body elongate, subterete and but slightly compressed, head long; depth 5 to 
5. 5, head 3. 35 to almost 4, usually about 3. 5, in the length to the base of the 
caudal; eye small, 6 to 8 in the head, about 3. 35 in the snout; mouth terminal 
and large, angle of the mouth reaching the level of the anterior margin of the eye 
or beyond; dorsal fin high, length of its base less than that of its longest ray, base 
of the first ray of the dorsal posterior to the level of the ventrals, dorsal ra3rs 9; 
pectorab short, npt reaching the ventrab; ventrals barely if at all reaching the 
anal opening; anal fin short, of 9 rays; caudal pedunde rather deep, not abruptly 
narrowed just in front of the base of the caudal, least depth of the caudal pedunde 
about 3 in the head; basal fulcra of the caudal fin not strongly devdoped; caudal 
fin broad and deeply forked; scales small and loosdy imbricate, lateral line 
decurved, of 80 to 90 scales; size very large, reaching a length of 5 feet and a weight 
of almost 100 pounds. 

Color dusky greenish dorsally, sides somewhat silvery, ventral parts dirty 
yellow; fins h3naline, reddish or yellowish in the spring; yoimg, with a distinct 
caudal spot and a dusky lateral stripe often margined bdow with lighter. 

This remarkable fisii, the largest of the North American Cyprinids, occurs in 
Colorado only in the Grand, White and Yampa rivers and their tributaries. 
Because of the large size of this spedes, even though it be but a minnow, it is a 
valuable food fish. 

Ptyckocheilus lucius is a spedes of the Colorado River drainage. 

Colorado tpedment. — UnhersUy Museum: Uncompahgre River, August, 1889 (ii5 mm.). 
No. 367; State Teachers* Coilege Museum: Delta, A. E. Beardslcy. 

Genus GILA Baird and Girard 
The Bony Tails 
GUa Baird and Girard, Proc. Acad. Nat. Sci. PkUa., p. 368, 1853. 

Moderatdy large carnivorous Cyprinids; alimentary canal short; peritoneum 
dusky; no maxillary barbd; mouth oblique and large; base of the first ray of the 
dorsal posterior to the levd of the ventrals; basal fulcra of the caudal fin large and 
prominent; caudal pedunde narrowed just before the caudal fin; scales small, 
loosdy imbricated, mid-dorsal and mid-ventral r^ons often incompletdy scaled 
or naked. The ^>edes of this genus are known only from the Colorado River 
drainage and are quite different from the ordinary Cyprinids. A single species 
is found in Colorado. 
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Gila rotmsta Baud and Girard 
Round Tail, Bony Tail, "Gila Trout" (Figs. 34, 35 and 36) 

G4ia rtfbusia Baiid and Girard, Proc. Acad, Nat. Sci, Phila,, p. 368, 1853 (Zuni River); 
JORDAM AND EvESMANN, BiM. 47, US. Nat. Mus., p. 337» 1896 (Uncompahgre River at Delte). 

Gila degam Baird and Girard— Jokdan, BvU. U.S. Pish Cam., Vol. IX, p. 27, 1889 (Guxmiaoii 
at DelU). 

Gila pandora Cope— Cope and Yauow, Wheeler Survey, Vol. V, p. 661, 1875 (Pagoaa). 

Gila egregia Cope— Cope and Yaheow, Wheeler Survey, Vol. V, p. 662, 1875 (Loma, Grand 
River, wrongly ascribed to the Rio Grande). 

Body elongate, somewhat compressed, depth 4. 6 (yomig) to ahnost 6, usually 
about 5 in the length to the base of the caudal fin; dorsal and ventral profiles 
slewing regularly in small specimens, dorsal profile just back of the head rising 
abruptly, so that the body in this region bears a more or less distinct himip; 
head rather large, somewhat fattened dorsally, especially in old individuab, 3.5 
(young) to 4. 7 in the length; eye large, situated nearer to the tip of the snout 
than to the posterior margin of the (^)erculum, its diameter 5 or 6 in the head, 
about 2 in the interorbital distance, 2 or a little less in the snout; nostril large, 
s^timi very proD[iinent and much elevated, its length about 2 in the eye; mouth 
terminal, broad, and slightly oblique, an^e of the mouth reaching the level of the 
anterior margin of the e3re; premaxillaries protractfle; dorsal fin short, length 
of its base less than that of the first ray, base of the first ray almost equidistant 
from the tip of the snout and the base of the caudal, rays usually 10, sometimes 9; 
tip of pectorals not reaching the ventrals; ventrals reaching or passing the anal 
opening; anal fin with 9 or 10 ra3rs; caudal pedimde elongate and quite narrow, 
its least depth i . 25 to i . 5 in the mazUlary, equalling or slightly exceeding the 
diameter of the eye; basal fulcra of the caudal fin much developed; caudal fin 
long and broad, deeply forked, its width equalling or exceeding the greatest depth 
of the body; scales small, irregularly placed, ventral parts and mid-dorsal region 
often incompletely scaled or naked; lateral line very prominent, strongly dectuired 
and rather irregular, pores beginning at the base of the occipital region and extend- 
ing well out onto the base of the caudal fin; scales about 30 in vertical series 
between the base of the first ray of the dorsal and the base of the ventrals, 85 to 
95 in the lateral line. 

General color silvery, dusky dorsally; axils of the pectorals and ventrab and 
the base of the anal fin yellowish to orange; males with more or less red on the 
sides of the head. Size small to moderatdy large, average specimens about 9 
inches in length, very large individuals 12 to 15 inches. 

The Round Tail has very little economic importance since its body is so bony 
as to make its value as a food fish slight. The flesh of large specimens is occa- 
sionally eaten and is said to have a very good flavor. While collecting at Grand 
Junction the writer found this species confused with the young and small speci- 
mens of Ptychocheilus lucius Girard by the local fishermen, both q)ecies being 
known as "Squawfish." 
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Gila robusia is found only in the Colorado River and its tributaries. Gila 
degans Baird and Giraid is here considered as synonymous with this species, 
since intermediate forms and those agreeing with the descriptions of both ^>edes 
were taken from the same station in the Grand River at Grand Junction. In 
addition, q;>ecimens were collected with both the ventral and dorsal portions of the 
body free frcnn scales, the character given as diagnostic for Giia seminuda Cope 
and Yarrow. This character seemed fairly constant, although individuals with 
the ventral region partly scaled were found. Since those individuals naked 
ventrally and dorsally agreed in other points with Gila robusta^ Gila semmuda 
has been retained as a subq)ecies of GHa robusta. The ^)ecimens examined are 
listed here under the ^>ecies proper since intermediate forms were present and this 
8ubq)ecies may not be separable. 

Colorado spodmons. — Umversiiy Musmm: Bear River, Lily, Moff&tt Coonty, June 30, 1907 
(230 mm.)* E> R* Warren and J. W. Frey, No. 368; Grand River, Grand Junction, August 8, 
191 3 (33 tpedmenib 40~x8o mm.), J. Henderson and M. M. Ellis, No. 369; State Teachers* Col- 
lege Museum: Delta, A. £. Beardsley; Colorado Cottete Museum: Bear River, Lily, Moffatt County, 
E. R. Warren (labeled G. semmuda), 

Oila robotta seminuda (Cope and Yarrow) 
GUa semmuda Cope and Yarrow, Wheeler Survey, Vol. V, p. 666, 1875 (Rio Virgen, Utah). 

Specimens of this subspecies differ from the typical G. robusta in having no 
scales on the mid-ventral portion of the body as far posterior as the base of the 
ventrals and no scales on the mid-dorsal region as far back as the middle or last 
ray of the dorsal fin. 

Genus SBMOTILUS Rafinesque 
The Fall-fishes 
Semo$ilus Rafinesque, Ichthyologia Ohiensis, p. 49> i8ao.3 

Moderatdy laige carnivorous Cyprinids; alimentary canal short; mouth 
large and terminal, very slightly oblique; maxillary barbel present, attached to 
the ui^>er outer surface of the upper jaw just above the jimction of the two 
jaws, the free portion of the barbel dropping downward and backward into the 
groove at the junction of the two jaws; lateral line complete and strongly decurved 
in the pectoral region; length under 30 inches. Species of ui^>er United States 
and Lower Canada east of the Rocky Mountains; represented in Colorado by 
the Homed Dace. 

Semotilos atromaculatus (Mitchill) 
Horned Dace, Creek Chub, the "Chub" (Figs. 35, 36 and 61) 

Cyprmus atromaculatus Mitchill, Amer, Monthly Magamne, Vol. n, p. $24, 18x8 (Wallkill 
River). 

SemoHlus atromaculatus (Mitchm)— Jordan, BuU. U^. Pish Com,, VoL DC, p. 8, 1889 (Den- 
ver); JUDAY, Umo. Colo. Siudies, Vol. II, p. iX3i 1903 (Boulder; Longmont). 

SemotSku atromaculatus macrocephaku (Girard)— Cocxesell, Science, N.S., Vol XXXIV, 
p. 615, 19XX (Juksburg). 
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Body elongate, subterete, not strongly compressed; head large, rather conical, 
its length exceeding the greatest depth of the body; depth 4. 7 (young) to 4, 
head 3. 2 to 3.9 in the length to the base of the caudal; eye rather large, 2 in the 
snout, 5 to 7 in the head and 2. 5 to 3 in the interorbital distance; mouth large, 
terminal and somewhat oblique; angle of the mouth barely reaching the level of 
the anterior margin of the eye; maxillary barbel present, quite small, often very 
obscure in the young, placed on the upper, outer surface of the upper jaw just 
above the junction of the two jaws, the free portion of the barbel dropping back- 
ward and downward into the groove at the junction of the two jaws; nostril 
large and prominent, septum much elevated; dorsal fin short and high, of 8, 
rarely 9 rays, base of the first ray distinctly posterior to the level of the ventrals; 
pectorab ^ort, not reaching the ventrals by about half the length of the latter; 
ventrab not reaching the anal opening; anal fin short, of 8 rays; least depth of 
the caudal peduncle 3 or a little less in the head, caudal broad and moderately 
forked; scales 10 or 11, 55-70, 5 to 7; lateral line complete, strongly decurved 
in the pectoral r^on; size moderately large, average adults about 8 inches, large 
specimens reaching the length of 12 inches. 

Color above dusky to quite dark with a bluish or greenish cast dorsally; 
below the lateral line almost white with a yellowish or pinkish cast shading to 
pearly white on the ventral surface between the pectorab; a rather indbtinct 
dusky stripe from the tip of the snout crossing the side of the head and the oper- 
culum at the level of the eye and continuing along the side of the body as a dusky 
or blackish lateral stripe, extending to the base of the caudal where it terminates 
in a dbtinct caudal spot; thb stripe and spot quite prominent in the yoimg, but 
often rather indbtinct in the adults, the stripe breaking up into a suffuse lateral 
band or entirely wanting; a rather dbtinct dusky or black spot covers the.bases 
of the first three or four rays of the dorsal fin, fins otherwise h3raline, the rays some- 
what outlined with dusky; sides of the body and axib of the pectoral and ventral 
fins in breeding males with more or less rose-red. 

The larger individuab of SemotUus (UramacukUus are used for food, althou^^ 
the Chub b not greatly esteemed as a food fish. Because of the hardiness of thb 
species it b generally considered one of the best live baits for bass and wall-eyed 
pike. The conmion Chub ranges over most of the United States east of the Rocky 
Mountains, in Colorado being quite abundant in the plains streams of the eastern 
part of the state. The chub b an active, vigorous fish and will often provide 
considerable sport when hooked, fighting much like some of the game fishes. The 
larger individuab congregate in the deeper poob of the small streams while the 
small specimens are found in the more shallow and weedy portions with the small 
species of minnows. The adult chub b a voracious fish feeding upon surface 
insects, aquatic insects, small fishes and even the ^>awn of other fishes. Not 
infrequently thb species feeds upon vegetable matter. The Chub spawns in late 
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^ring, the eggs being d^>osited in a shallow excavation made in the sand or 
gravel by the male. 

Colorado spedmeiis. — UniversUy Museum: St. Vrain CredL, Longmont, October 17, 1903 
(2 spedmens, 90 and 180 mm.)» C. Juday and D. W. Spangler, No. 7; Boulder Creek, Boulder, 
October, 1905 (59 specimens, 35-190 mm.), C. Juday and J. Henderson, No. 8; Boulder Creek 
east of Boulder, May, 1909 (3 specimens, 95-120 mm.), David Rusk and Donald Kloke, No. 30; 
Sterling, June 10, 1910 (115 mm.), H. G. Smith, No. 370; West Plum Creek near Castle Rock, 
June 8, 19x2 (90 specimens, 5^-i35 mm.), A. G. Vestal and M. M. ElUs, No. 371; South Platte, 
Julesburg, July 19, 1912 (395 specimens, 30-140 mm.), J. Henderson and M. M. ElHs, No. 372; 
Lodgepole Creek near Ovid, July 20, 1912 (37 specimens, 35-140 mm.), J. Henderson and M. M. 
ElHs, No. 373; Boulder Creek 6 miles east of Boulder, July 25, 191 2 (84 specimens, 30-xio mm.), 
M. M. Ellis, No. 374; Republican River, Wray, October 25, 191 2 (125 specimens, 45-190 mm.), 
A. G. Vestal and 1^. M. Ellis, No. 375; State Teachers* College Museum: Cache la Poudre near 
Greeley, A. E. Beardsley. 

Genus COUBSIUS Jordan 
The Mountain Dace 
Couesius Jordan, BuU, Hayden Geei. Survey Terr., Vol. IV, p. 785, 1878. 

General characters the same as SemotUus to which this genus is very dosely 
related and from which it differs in the number of pharyngeal teeth. These are 
2-4-4-2 in Couesius and 2-5-4-2 in SemotUus, The species of the genus Couesius 
have not been studied in detail so that at present this genus is rather uncertain. 

A single ^>ecies, Couesius dissimilis, is known from Colorado. 

Couesioa dinaimllig (Girard) 
Mountain Dace 

Leucesomus dissimUis Girard, Proe, Acad. Nat. Set. Pkila., p. 189, 1856 (Milk River and 
Little Muddy River, Montana). 

Couesius dissimUis (Girard)— Jxtday, Univ. Colo. Studies, Vol. II, p. 1x3, 1903 (Boulder); 
Juday, Bull. U.S. Pish Com. for 1904, p. 227, 1905 (Boulder). 

Body elongate, somewhat fusiform; head conical, moderately short, its 
length a little more or a little less than the greatest depth of the body; in adult 
^)edmens depth 4 to 4. 75, head 4. 25 to 4. 5 rarely 4, in the length to the base 
of the caudal; eye rather laige, 4 to 5 in the head, about i. 5 in the snout, 2 or a 
little less in the interorbital distance; mouth large, terminal and oblique, angle 
of the mouth not reaching the level of the anterior maigin of the eye, barbel 
prominent, attached on the upper, outer surface of the upper jaw, just above the 
junction of the upper and lower jaws, but its free portion dropping downward 
and back into the groove at the junction of the two jaws; dorsal fin short and 
rather high, of 8 ra3rs, length of its base less than the length of its longest ray; 
pectorab short, about 1.25 to 1.5 in the head, not reaching the ventrals by almost 
the length of the latter; ventrals barely reaching the anal opening; anal fin short, 
of 8 rays; least depth of the caudal peduncle about 2 or 2.5 in the head; caudal 
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fin moderately forked; scales rather small, 12 or 13, 65-75, 7 or 8; lateral line 
complete, and rather straight, but slightly decurved in the pectoral region; length 
under 6 inches. 

Color above the lateral line lead gray to rather dark, with a distinct bluish 
cast; somewhat darker ak>ng the mid-dorsal line; abruptly li^^ter below the lateral 
line, yellowish shading to almost white ventrally; sides somewhat silvery with a 
more or less bluish iridescence; fins hyaline, the rays more or less outlined with 
dusky; scales above the lateral line, and below the lateral line in the pectoral 
region more or less distinctly outlined with dusky. 

This ^>ecies, although quite distinct from Semotiius atromaadatus in detail, 
resembles it in general appearance. The Mountain Dace is a spedes of the upper 
Missouri and Platte drainages. 

Colorado n^^dmnoM.—Umoersity Museum: St. Vnin Creek, Longmont, October 17, 1903 
(no mm.)> C. Juday and D. W. Spangler, No. 44; Boulder Creek, Boolder, September and Octo- 
ber, 1903 (34 specimens, 55-"S mm.). C. Juday and J. Henderson, No. x. 

Genus HTBOPSIS Agassiz 
The Homy-heads 
Bybcpsis Agassiz, Amer. Joum. Sci. Arts, p. 358, 1854. 

Moderately large to small carnivorous Cyprinids; body somewhat dongate 
and compressed; alimentary canal short; peritoneum pale, dusky or black; 
mouth large and terminal; a conspicuous maxillary barbel present on each side 
at the junction of the upper and lower jaws (one spedes has two barbels on each 
side); premaxiUaries protractile; lateral line complete; species small to medium, 
length up to 12 inches. A genus of about 20 species distributed over the United 
States east of the Rocky Mountains; two species have been taken in Cobrado. 
a. Maxillary barbels 4; dorsal fin inserted directly above the ventrals . H. Mrauemus Gilbert 
aa. Maxillary barbels 2; dorsal fin inserted behind the ventrals . H. keniuckieusis (Rafineaque) 

Hybopsis tetranemus Gilbert 

FOXnt-BASBELED ChUB 

Hybopsis tetranemus Gilbert, Bull, Washburn College Lab,, p. 208, 1886 (Ehn and Sprfaig 
Creeks, Medicine Lodge, Kansas); Jokdan, Bull, U^, Fish Com., Vol. DC, p. 17, 1889 (Pueblo). 

A single specimen of this remarkable fish was collected at Pueblo by Jordan 
in 1889. It has not been recorded from Colorado in any subsequent collection. 
As it does not occur in any of the collections examined its description is copied 
below: 

Head 4; depth 5.3; snout a . s in the head, one-third of it projecting b^ond the mouth; ^e 
small, 5 in the head. D.8; A.8; lateral line 36 to 38; teeth 4-4. Closely resembling IT. a«rlfMftj 
but with two long barbels at each angle of the mouth, the one pair taking the place of the fleshy 
prominence seen in geUdus and aesHvaUs; longest barbel as long as the eyt. Head very slender, 
slenderer than in aestiioalis. Dorsal over ventrals, a little nearer tip of snout than caudal. Fins 
large. Color as in OM/iM/ti, translucent silvery, with irregular, scattered black dots above; median 



Digitized by 



Google 



FISHES OF COLORADO 6l 

rays ol each caudal lobe dusky St base. Length 2 inches. Tributaries of Arkansas River in Kansas 
and Arkansas; not rare; a most remarkable little fish, the only American Minnow with more than 
two barbds.— Jordan and Evesmann, Bull. 47, US, Nat. Mus., pp. 315-16, 1896. 

Hybopsis kentackiensis (Rafinesque) 
Horny-head, Indian Chub, Jerker 

IauUus keniuckiensis Rafinesque, Ichtkyoloiia Okiensis, p. 48, 1820 (Ohio River). 
Hybopsis ketUuckiensis (Rafinesque) — ^Juday, Umo. Colo. Studies^ Vol. II, p. 1x3, 1903 (Boul- 
der; Lonipnont); Juday, BiM. US. Pish Com. for 1904, p. 237, 1905 (Boulder; Longmont). 

Body elongate, somewhat compressed; head rather long, equalling or usually 
ezceedmg the depth of the body; depth 4 to 4. 75, head 3. 75 to 4. i in the length 
to the base of the caudal; eye medium, 4 to 4. 25, or even 5 . 6 in large specimens, 
in the head, i . 5 to 2 in the snout, and 2 or a little more in the interorbital distance; 
mouth rather large, terminal, slightly oblique; angle of the mouth not reaching 
the anterior margin of the eye but reaching the level of the posterior margin of the 
nostril; maxillary barbel prominent, its length a little more than 2 in the diameter 
of the e3re, situated in the depression at the junction of the upper and lower jaws; 
dorsal fin short, base of the first dorsal ray on a level with or usually distinctly 
posterior to the ventral; dorsal rays 8; pectorab short, i . 5 to i . 75 in the head, 
not reaching the ventrab by half or more of the length of the latter; ventrals 
short, barely reaching the anal <^>ening; anal fin with 7 or 8 ra3rs; caudal peduncle 
rather broad, least depth about 2 in the head; caudal fin moderately foriced; 
scales 6 or 7, 40-45, 5; lateral line almost straij^t, scarcely decurved in the 
pectoral region; size rather large, reaching the length of 10 inches, average adults 
6 or 7 inches in length. 

Color above dark green shading to yellowish gray below; sides dull gray 
with greenish or brassy iridescence, but not silvery; a more or less indistinct 
lateral dusky band ending in faint caudal spot (this stripe and spot quite prominent 
in young specimens); sides of the head yellowish green with a pale red spot just 
back of the eye; a dusky bar just back of the operculum; dorsal and caudal 
fins yellowish to orange yellow, margined with bluish gray; pectoral and ventral 
fins light; anal fin yellow or orange; breeding males with the colors much brighter; 
top of the head elevated and with numerous tubercles. 

The Homy-head ranges through the northern portion of the United States 
east of the Rocky Mountains and south through the Mississippi Valley into 
Alabama. It is a species of small streams and lakes, preferring rather rapid 
water. This species is an onmivorous feeder, taking both animal and vegetable 
matter. The larger individuals have many of the qualities of true game fish and 
would doubtless be prized as such were it not for the fact that the bass and other 
more interesting game fishes are usually found in the same locality with the Homy- 
bead. It will take any kind of bait and on light tackle will give an interesting 
fight. The flesh of this species is of fair flavor and is often eaten. The yoimg 
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Homy-heads are very hardy and make excellent bait for the large game fishes, 
being recommended by many as the best live bait. This Chub spawns in the 
late spring. 

Colorado vpedmtna.—UntvertUy Museum: St. Vnin Creek, Longmont, October 17, 1903 
(3 spedmens, 85 and 1x5 mm.), C. Juday and D. W. Spangler, No. 16; Boulder Creek, Boulder, 
April 33, 1904 (90 mm.), J. Henderson, No. 36; Colorado State Historical and Natural History 
Museum: Clear Creek, August 15, 1900 (3 specimens, 105 mm.), W. C. Ferril; State Teachers* 
CoUege Museum: Cache la Poudre near Greeley, A. £. Beardsley. 

Genus PLATTGOBIO GiU 
The Flat-headed Chubs 

Platygobio GiU, Trans. Amer. PkU. Soc. PkOa., Vol. V, p. 178, 1863. 

Moderately large carnivorous Cyprinids; body rather elongate and com- 
pressed; head short; alimentary canal short; mouth large, terminal or slightly 
oblique; maxillary barbel present and prominent, inserted at the junction of the 
upper and lower jaws; dorsal fin inserted on a level with or usually in front of 
the ventrab; scales large; lateral line complete and quite straight; size small 
to medium, length up to 12 inches. The two spedes of this genus are found in 
the western portion of the Mississippi Valley, one species ranging as far north 
as Saskatchewan. A single species is here listed from Colorado, this in the 
Arkansas River. The record of Cope,' under the name Pogonichihys communis 
Girard from Pueblo, is placed under Plaiygobio physignaihus (Cope), as subsequent 
collections from the Arkansas, at Pueblo and above, have yielded only that 
species of Plaiygobio, Pogonichihys communis Girard was described from the 
ui^)er Missouri and is considered a synonym of Platygohio gracilis (Richardson). 
If it should be shown by more extended collections that two species of Plaiygobio 
are found in the Arkansas at Pueblo, Cope's record would have to be transferred 
to P. gracilis (Richardson). Since there is a possibility that these two species 
do occur together in the Arkansas, or that P. gracilis occurs in the Platte drainage, 
as it is a species of the upper Missouri, the following key for their separation is 
given: 

a. Dorsal, pectoral and ventral fins deeply falcate; length of the free portion at the tip of the 

dorsal 3 or 3 times the diameter of the ^e in length ... P. gracilis (Richardson) 

aa. Dorsal, pectoral and ventral fins slightly falcate; length of the free |x>rtion at the tip of the 

dorsal about equal to the diameter of the eye in length. ... P. pkysignatkus (Cope) 

Platygobio phytignatfaus (Cope) 
Thick-jawed Chub (Fig. 30) 

CeraUchtkys pkysignatkus Cope— Cope and Yaudw, Wkeder Survey, Vol. V, p. 651, 187s 
(Arkansas River, Pueblo). 

PkUygobio pkysignatkus (Cope)— Jdkdan, Bull. US. Pish Com., Vol. DC, p. 17, 1889 (Fountain 
Creek, Pueblo; Arkansas River, Canyon City); Jokdan and Evermann, Bull, 47, US. Nat. Mus., 
p. 336, 1896 (Arkansas River, Pueblo). 

* Wheeler Survey, Vol. V, p. 6s3, 187s- 
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Pogomckikys communis Ginurd— Cofe and Yahrow, Wheeler Suney, Vol. V, p. 653, 1875 
(Pueblo). 

Body rather elongate, compressed to somewhat fusiform; depth 4 to 4.6 
in the length to the base of the caudal; head rather broad, slightly flattened 
dorsally, in males with fine tubercles; length of the head 4. 3 to 4. 6 in the length ; 
dorsal and ventral profiles sloping evenly to the tip of the snout; snout broad and 
blunt, but slightly overhanging the mouth, length of the snout 3 in the head; 
eye moderately large and prominent, its center nearer to the tip of the snout 
than to the posterior margin of the operculum, its diameter 4 . 8 to 5 . 5 in the head, 
1 . 5 or a little more in the snout, about 2 in the interorbital distance; nostrib 
prominent, double, situated less than half the diameter of the eye directly in front 
of the eye, each divided by a broad vertical septum, the anterior chamber circular 
in outline and larger than the posterior; mouth ventral, slightly oblique, angle 
of the mouth reaching ahnost or distinctly to the level of the eye; barbel in the 
axil just posterior to the angle of the mouth, prominent, its length 2 in the diameter 
of the eye; lips fleshy but not sucker-like; premaxillaries protractile; dorsal 
fin short and rather high, length of its base about i . 5 in the length of its longest 
ray, posterior margin distinctly but not deeply emarginate, base of the first ray 
on a level with or slightly in front of the ventrals; pectorab large, length equal 
to or slightly exceeding that of the head, posterior margin more or less emarginate 
at the tip, tip of the pectorals not reaching the ventrals; length of the ventrals 
1.5 in the pectorals, ventrals barely if at all reaching the anal (^ning; anal 
small, of 7, usually 8 rays, slightly emarginate; caudal peduncle broad, its least 
depth about 2 in the head; caudal rather deeply forked; scales large, 5 to 7, 

Color above the lateral line olivaceous, below cream color to silvery white; 
an indistinct lead gray lateral stripe extending from the posterior margin of the 
operculum along the lateral line to the base of the caudal; no caudal spot; sides 
somewhat silvery, upper half of the sides sprinkled with minute blue-black dots; 
fins hyaline, rays, especially those of the caudal, outlined with dusky; top of the 
head dark. Size small; length to 6 inches. 

Colorado vpedmwiM.—UmversUy Museum: Arkansas River, Salida, May 8, (165 mm.)> No. 
376; Sdls Lake, Canyon City, September, zgia {2 specimens, 75-125 mm.), F. A. Rddel, No. 377; 
Grape Creek near Canyon City, November 8, 19x3 (laomm.), A. G. Vestal and M. M. Ellis, 
No. 378; reported very abundant at Salida by Cockerell. 

Genus RHINICHTHTS Agassiz 
The Black-nosed Dace 
Rkinkhtkys Agassiz, Lake Superior, p. 353, 1850. 

Body elongate, fusiform, very slightly compressed; head rather long and 
conical; mouth small, ventral and sucker-like; premaxillaries not protractile, 
the upper lip being continuous with the skin of the top of the head, forming a 
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broad frenum; a very small maxillary barbel on each side at the junction of the 
upper and lower jaws; alimentary canal short; scales quite small; lateral line 
complete; size rather small, length under 5 inches. 

The species of this genus inhabit the cool, rapidly moving streams of northern 
United States and southern Canada, ranging from coast to coast.' This genus 
is rq)resented in Colorado by the Dulds Minnow, a species abundant in the 
mountain streams east of the Continental Divide. 

Rhinichthyt cataractae (Cuvier and Valenciennes) 
Long-nosed Dace 

Gcbio caiaraOa e Cuvier and Valendennes, Hist. Poiss,, Vol. XVI, p. 315. 1S43 (Niagara Falls). 

This species is rq)resented in Colorado by the western sub^)ecies Rhinichtkys 
cataractae dulcis (Girard), which may be separated from the true Rhinichtkys 
cataractae by the sharper snout and the position of the dorsal fin, the first ray of 
the dorsal being nearer the base of the caudal fin than to the tip of the snout, 
equidistant from the nostril and the base of the caudal. The location of the base 
of the first ray of the dorsal is subject to some variation (see Table IV). 

Rhinichthys cataractae dulds (Girard) 
DuLcis Minnow, Western Long-nosed Dace (Fig. 31) 

Argyreus dutcis Girard, Proc. Acad, Nat, Sci, PkUa,, p. 185, 1856 (Sweetwater River, 
Nd>raska). 

Rkinkkikys maxittosus Cope— Cope and Yauow, WheOer Suney, Vol. V, p. 44f 1875 (Twin 
Lakes; Colorado Springs). 

Rkmickikys trammamtaus Cope, Amer, Nai., p. 441, 1879 (Rio Grande in Colorado). 

Rkimckikys dtOcis (Girard)— Jordan, BmU. US, FUk Com., Vol. DC, pp. 8, 11, 16, aa, 1889 
(Denver; South Platte at Hartsels Springs; Bear Creek above Morrison; Pueblo; Lake Creek 
at Granite; Arkansas at Leadville; Twin Lakes; Alamosa; Del Norte; Rio Conejos fifteen 
miks south of Alamosa). 

Rkimckikys caiaracto i dutcis (Girard)— Juday, Unh. Colo, Studies, VoL IL p. 113. 1903 
(Boulder); Juday, BuU, U,S. Pisk Com., Vol. XXVI, p. i6a, 1906 (Twin Lakes). 

Body elongate, slightly compressed; depth 4. 5 to 5. 5 in the length to the 
base of the caudal fin; head depressed, long and pointed, its length 3. 5 to 4 in 
the length; dorsal profile of the head sloping anteriorly, ventral profile almost 
strai^t; snout produced, overhanging the mouth, length of the snout 3.6 to 3 
in the length of the head; eye prominent, situated near the center of the side of 
the head, its diameter about 2 in the snout, i . 8 to 2 in the interorbital distance, 
and 5 in the head; nostril large, just in front of and somewhat dorsal to the eye; 
mouth ventral, sucker-like; lips large and fleshy, the upper recurved around the 
angle of the mouth; a small but distinct barbel in a slight depression at the angle 
of the mouth, which is about level with the posterior margin of the nostril; pre- 

« Smnn, Bull. US. Pisk Com., Vol. XXVn, p. 178. 1907. reports R. dukis (Girard) from Corvallis, 
Orcfoo. 
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maxillaries not protractile; frenum equal to the diameter of the eye; dorsal fin 
rather short, the length of its longest ray greater than that of the base of the fin, 
inserted in the posterior half of the body behind the origin of the ventrab, the 
distance from the base of the first ray of the dorsal to the base of the caudal 
equalling the distance from the base of the first ray to the nostril (Table IV) ; 
dorsal rays 8, rarely 7 ; pectorals moderately large, larger in the males than in the 
females, inserted low on each side, not reaching the ventrals; ventrab smaller 
than the pectorab, not reaching the anal by the diameter of the eye or more; 
anal of much the same size and shape as the dorsal, anal rays 7, rarely 8; caudal 
moderately forked, its width when ^read greater than the depth of the body; 
scales small and closely imbricated, with both dorsal and apical radii, 11 to 14, 
58-73, 9 to 12; lateral line complete, little if at all decurved. 



Locality 

Somk PlatU Drainage— 

Boulder 

Cherry Creek 

West Plum Creek 

Arkansas Drainage — 

Twin Lakes *. . 

Canjfon City 

Rio Grande Drainage — 

Alamosa 

Del Norte 

Creede 

Total 



TABLE IV 

No. of SpecmwDS 

with Donal nearer 

Tip of Snout 



I (D.7; A.7) 



No. of Specimens 

with Donal Midway 

between Tip of Snoot 

and Caudal 

I 
4 

t 



No. of Specimens 

with Donal nearer 

Base of Caudal 



130 
I (D.8; A.8) 
17 

3 

I 

3 

X 
13 



167 



General color above greenish brown to dusky, mid-dorsal region with at least 
the indication of a dusky stripe; sides lighter, especially in large specimens which 
are often somewhat silvery, profusely spotted with dark brown, spots fewer below 
the lateral line; body below the pectorals without markiiigs, white, cream-colored, 
yellowish, often with a pinkish cast; head dark, almost black above, lighter and 
spotted on the sides, yellowish or pinkish below, a narrow black stripe usually 
present extending from the tip of the snout to the anterior margin of the eye; in 
small specimens continuing through the eye to the posterior margin of the oper- 
culum, in very small specimens often continuing along the lateral line as a lateral 
stripe; specimens of all sizes with a rather conspicuous caudal spot; rays of the 
fins, especiaUy of the dorsal and anal, usually outlined with black; males in the 
spring with the lips and imder parts of the head orange-red to crimson, bases of 
the pectorals, ventrab and anal, and the small tubercles just above the origins 
of the pectorals and ventrals, orange-red to vermilion, fins and entire ventral 
portion of the body with more or less pink. Length of average specimens two 
to four inches, maximum size about five and a quarter inches. 
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The variation of this species has been given considerable attention since several 
species now placed in its synonymy have been described. Three of these nominal 
species have been reported from Colorado, Rhinichthys dukis (Girard), Rhinick- 
thys maxiUosus Cope and Rhinichthys transmontanus Cope, the first two from the 
region east of the mountains and the third from the Rio Grande Valley. Table 
IV gives the results of an examination of the Colorado specimens as to position of 
the dorsal fin. 

In Girard's original description of R, dukis he says of the dorsal fin:* ''Its 
anterior margin is nearer the extremity of the snout than to the insertion of the 
caudal fin." Cope in describing R, maxiUosus states that "from the base of the 
caudal to the base of the front ray of the dorsal equal from latter point to opposite 
the middle of the orbit."' Later in writing of this same species from the Rio 
Grande in Colorado imder the name of Rhinichthys transmontanus he says:' 
"It differs from the more eastern species in having the dorsal fin equidistant between 
the base of caudal and the end of the muzde, and in having the longitudinal series 
of scales below the lateral line more numerous (12 to 13), and equal to the number 
of scales above." Disregarding the other points of these descriptions which have 
seemed similar enough to warrant the placing of all of these spedes in the same 
synonymy by several authors, these three species differ in the position of the dorsal 
fin. As may be seen from Table IV, but one of the specimens examined can be 
referred to R. dukis as defined by Girard and seven to Cope's R. transmontanus. 
The remaining one himdred and sixty-seven specimens are all clearly referable to 
R. maxiUosus Cope. There seems to be no relation between the variation of the 
position of the fin and the locality from which the fish were collected, for but one 
of the specimens from the Rio Grande is of the R, transmontanus type. The fol- 
lowing table (V) shows that there is not the correlation between the number of 
scale rows and the position of the dorsal fin that has been suggested by Cope. 
In general the scales of the specimens from the Rio Grande are slightly smaller 
although the two series of counts overlap. The other variations looked for were 
those of the fin rays. Two specimens only were foimd irregular in number of 
fin rays and these have been mentioned in Table IV discussing the position of 
the dorsal fin. 

From the material at hand it seems that the three species R. dukis (Girard), 
R. maxiUosus Cope and R. transmontanus Cope are synonsmious since all three 
types have been foimd in the Platte drainage and two in the Arkansas and Rio 
Grande drainages, in which case the oldest name applies. It is quite possible 
that the examination of a large series of specimens of this fish from the Sweetwater 
in Nebraska, the type locality of R. dulcis, would show a preponderance of indi- 
viduals with the base of the first ray of the dorsal nearer to Uie tip of the snout 
than to the base of the caudal, in which case the name R. dukis should be restricted 

> Proe. Acad. Nai. Sci. PkUa., p. 185, xSs^- 

• Ibid,, p. 378. X864. ' Amtr. Nat., p. 441. 1879. 
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to the fishes of that type and our single specimen of this kind regarded as a varia- 
tion. In this case the name of the sub^)ecies fomid in Colorado should stand 
R. caiaractae mcxiUosus (Cope). 

TABLE V 

Scale Foimulab or xo Random Spicdcbns Scale Formulae or zo Random SpBOMBifS 

Creede. Rio Grande Boulder Creek, Boulder 

11-67-12 11-62-11 

12-6S-11 II-S9-II 

ia-69-ii 12-58^ 9 

I 2-70-1 I 12-64-XO 

12-70-12 12-66-10 

13-66-11 12-67-12 

14-61-10 13-65-11 

14-6S-11 13-63-11 

I4-6<^I2 13-59-12 

14-71-12 14-60-12 

Scdes mbove lateral line 11 Z2 13 14 

No. id Bpeciment, Creede 5 i 4 

No. ol spedmens, Boulder 2431 

Scdes bebw lateral line 9 10 11 12 

No. id specimens, Creede i 5 4 

No. ol q>edmen8, Boulder 1243 

Scales in the lateral line 58 59 60 61 62 63 64 65 66 67 68 69 70 71 

No. of qiedmens, Creede i i i 2 2 2 i 

No. of specimens, Boulder i 2 i.. i i i x i x 

The Dulds Minnow, althouj^ of the carnivorous group of Cyprinids, feeds 
to a considerable extent on plant material. The stomach contents of 20 speci- 
mens from Boulder Creek near Boulder showed that the algae and brown diato- 
maceous slime so generally eaten by herbivorous Cyprinids are important elements 
in the food of this minnow, forming about two-thirds of the material. Small 
crustaceans, insect larvae, small snails and water-logged material comprised the 
remaining third. It is known that the Dulds Minnow also eats the q>awn of 
the trout. On the other hand, the Dulds Minnows are eaten by the trout, 
making the presence of these minnows in the mountain streams of value. This 
species is also used as Hve bait. Rkimchthys cataractae dulds q>awns in the eaiiy 
q>ring. 

Colorado •pedmens.— C^fil8€rnly Museum: Boulder Creek, Boulder, October, X903 (56 
spedmena, 65-80 mm.), C. Juday and J. Henderson, No. ix; Twin Lakes, August, 1903 (3 sped- 
mens, xoo-105 oun.), C. Juday, No. 34; West Plum Creek near Castle Rock, June 8, 1912 (x8 
spfdmrnB, 35-70 nun.), A. G. Vestal and M. M. EUis, No. 379; Cherry Creek near Frankton, 
June 9, 191a (5 specimens, 65-85 mm.), A. G. Vestal and M. M. EUis, No. 380; Boulder Creek six 
miles east of Boulder, July 25, 191a (138 specimens, 35-85 mm.), M. M. EUis, No. 381 ; Rio Grande, 
AlamoM, July 27, 191 2 (2 specimens, 50-55 mm.), M. M. ElUs, No. 382; Rio Grande, Creede, 
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July a8, 191a (13 q>ediiieii8, 65-95 mm.), M. M. Ellis, No. 383; four mUes west of Cripple Creek, 
July, 1913 (3 specimens, 100 and 115 mm.), F. A. Haaaenpflug, No. 384; Gnpe Creek, near Canyon 
City, November 8, 1913 (5 specimens, 70-90 mm.), A. G. Vestal and M. M. EUis, No. 386; Sells 
Lake, Canyon City, S^tember, 1913 (90 mm.), F. A. Rddel, No. 385; State Teachers* CoUege 
Museum: Cadie la Poadre, Greeley* and twenty miles above Antonito, A. E. Beardaley; Colorado 
State Historical amd Natural History Museum: South Platte River near Denver, August 3* 1900 
(a q>edmens, 65-75 mm.), W. C. Ferril. 

Genus AGOSIA Girard 
The Western Dace 
Agosia Girard, Proc, Acad, Nat, ScL Pkila,, p. 186, 1856. 

General characters the same as Rkinichlhys from which this genus differs in 
the protractile premazillaries. Premazillaries protractile, upper l^> not continu- 
ous with the skin of the top of the head, no frenum. Species of the Rocky Moun- 
tain region on the west slope, ranging northward through the Great Basin into 
the Pacific region and south through the Colorado River drainage. Size small, 
length 5 inches or less. 

Agosia yarrow! Jordan and Evermann 
Yamiow's Dace (Figs. 32 and 33) 

Agosia yarrowi Jordan and Eveimann, Bull. US, Pish Com., Vol. DC, p. 28, 1889 (Tomichi 
Creek and Gunnison River, Gunnison; Uncompahgre, Delta; Eagle River, Gypsum; Rio d. 1. 
Animas; Rio Florida; lightner's Creek). 

Apocope oscula (Girard)— Cope and Yauow, Wheeler Survey, Vol. V, p. 647. 1875 (Pagosa), 
wrongly identified. 

Body elongate, subterete, slightly compressed ; depth 4 . 25 to 5 . 5 in the length 
to the base of the caudal; head slightly depressed, long and pointed, its length 
3.5 to 4.5 in the length; dorsal profile of the head sloping anteriorly, ventral 
profile rather straight; snout produced, overhanging the mouth; eye prominent, 
situated near or slightly above the center of the head, its diameter 2 to almost 
3 in the snout, i . 5 to 2 in the interorbital distance, 4. 5 to 6. 5 in head; nostril large 
and prominent, just in front of and somewhat dorsal to the eye; mouth ventral, 
sucker-like, lips large and fleshy, the upper recurved around the angle of the mouth ; 
a small but distinct barbel in the depression at the junction of the upper and lower 
jaws; premaxillaries protractile, no frenum connecting the upper lip with the skin 
of the top of the head (a narrow frenum sometimes present); dorsal fin rather 
short, length of its base less than the length of its longest ray, base of the first ray 
of the dorsal nearer to the base of the caudal than to the tip of the snout, inserted 
just above or slightly behind the level of the origin of the ventrab, dorsal rays 7-9; 
pectorals medium to small, not quite or just reaching the ventrab; ventrals 
smaller than the pectorals, reaching the anal; anal fin of much the same size and 
shape as the dorsal, of 7 or 8 rays; scales usually about 14 to 16, 77-89, 13 to 15; 
lateral line complete or interrupted, little if at all decurved; size rather small, 
length 5 inches or less. 
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Three distinct color patterns and the combinaticHi of these were found: 
X. General color above olive-brown to dark gray, darker along the mid-dorsal 
r^on, giving at least indications of a dark mid-dorsal stripe; a distinct, dark, 



TABLE VI 
Table or Variations in Agosia yanowi 



DmAMCi noM thb Basi or 
THX Foist Ray or thx Dor- 
sal TO THE Base or thx 
Catoal Fm RxACHiMO 

FOEWAKO TO 



BcyoDdNostxil 



Nostril 



Eye 



Diameter 09 

thbEyxdi 

theLemoth 

or Head 



4-S 



5-6$ 



Dorsal Rays 



Pladi 




X 
X 



X 
X 



X 
X 



X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 
X 
X 
X 
X 



X 
X 
X 
X 
X 
X 



X 
X 



X 
X 



X 
X 
X 
X 
X 



X 
X 
X 



X 
X 
X 
X 
X 



X 
X 
X 



X 
X 



X 
X 
X 
X 



X 
X 

X 
X 



X 
X 
X 



X 
X 



X 
X 
X 
X 
X 



X 
X 
X 
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lateral stripe along the lateral line; region from the origin of the pectorals to the 
base of the anal, bdow the lateral stripe, with a dusky shading which is usually 
distinct enough to form a second, incomplete, lateral str^>e; dl of the nmrlrin^ 
made up of fine, longitudinal lines which give the whole an engraved appearance. 

2. The same as first type with the addition of numerous strong black ^>ots 
in and above the lateral stripe, especially posterior to the origin of the dorsal. 

3. All markings wanting or represented by blurred clouds; body rather 
uniform adobe-color, darker dorsally. 

These three color types may rqpresent either extremes of a continuous series 
of variations in color pattern, i.e., this species may have three modes as regards 
color and markings; or there may be three or more distinct races of this species 
the interbreeding of which gives the various recombinations of these color patterns 
found. This matter is deserving of more attention when larger collections are 
available. 

Because of the variations found in the specimens examined and the dose 
relation of Agosia yarrawi to Agosia couesii (Yarrow) and Agosia oscula (Giraid) 
a table of variations seen is presented (Table VI). 

From Table VI it may be seen that the variation in the specimens of Agosia 
yarrawi examined is such that the three species A. oscula, A. yarrowi and A, 
couesii as defined by Jordan^ are distinguishable only on the basb of scales. 
Material was not at hand to study the scales of the other two ^)ecies. 

Colonulo tpedmeiui. — University Museum: Uncompahgre, Montiose» August 8, 191 3 (79 
tpectmens, 25-1x0 mm.), J. Henderson and M. M. Ellis, No. 387; Durango, August xi, xgia (x2 
spedmens, 90-1 ao mm.), J. Henderson and M. M. Ellis, No. 388; State 2'eackers' College Museum: 
Guimison River, Delta, A. E. Beardsley. 

Subfamily Plagopterinae 
Genus PLAGOPTBRUS Cope 

Plagopterus Cope, Proc. Amer, Pkil. Soc. Pkila., p. 30X, 1874. 

Body scaldess; dorsal fin with a double dorsal spine, the anterior spine with 
a groove in which the posterior spine is received; inner maigin of the ventral 
fins adherent to the sides of the body; maxillary barbel present; a single species 
known only from the Colorado River drainage. 

Plagopterus argentissimus Cope 
Plagopterus argentissimus Cope, Proc, Amer, Phil. Soc. Pkila., p. 301, 1874 (San Luis Valley, 
Colorado) (wrongly ascribed to the Rio Grande). 

In his discussion of this remarkable species Cope, /.c, states that this fish 
is foimd in the Colorado Basin in western Colorado. It has subsequently been 
taken only in the lower Colorado drainage at Ft. Yuma, and is probably not a 
member of the Colorado fauna. 

* Butt. 47b U.S. Nat. Mm., pp. 309-3x0, 1896. 
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Superorder PHYSOSTOMI 
Air bladder connected with the alimentaiy canal by a ductus pneumaticus; 
no Weberian ai^Miratus. 

Order Isospondyli' 
Herring, Sahnon, the Smelts and Related Deep-Sea Forms 

Maxillaries and premaxillaries distinct; barbels wanting; shoulder girdle 
connected with the skull by the posten^x>ral bone. 

This order is rq)resented in Colorado by the Grayling, Trout and Whitefish, 
all of which are game fishes. 

Family THYMALUDAE 
The Gnyliogs 

Dorsal fin high and long, of 19 to 24 ra3rs; adipose fin present; general form 
trout-like; parietal bones meeting medially; frontal bones not reaching the supra- 
occipital bone. 

This family includes five species all referable to the genus ThymaUus, found 
in the cold dear waters of northem America and the Arctic regions. As food 
fishes and from the standpoint of the fisherman the Graylings are among the best 
of the fresh-water fishes. In both general appearance and habits the Graylings 
are much like the Trout, but the high dorsal fin and the striking colors of the 
former are quite distinctive. The name ThymaUus is derived from a Greek word 
referring to the odor of thyme which is supposed to be quite evident when the 
Grayling is first taken from the water, a belief which Izaak Walton credited, for 
he wrote of the Grayling, "and some think he feeds on water thyme for he smells 
of it when first taken from the water." It seems, however, that sportsmen do not 
agree in this matter, for Henshall' says of the Grayling that "however it may 
have been in days of old, it is not so now, though an odor of cucumbers is some- 
times perceptible when it is first out of the water." 

Genus THTMALLUS Cuvier 
The Graylings 
TkymaUms Cuvier, Rtgnc Animal, ed. II, Vol. U, p. 306, 1829. 

Body somewhat compressed; head short; teeth on the premaxillaries, maxil- 
laries and lower jaw; air bladder very large; scales small, about 90 in the lateral 
line; species brightly colored, dorsal fin with orange, red or purpli^ spots; caudal 
fin distinctly forked; represented in Colorado by a single introduced species. 

■ Since the laoqxmdjrloas fishes found in Colondo, both native and introduced fonns, have been planted 
in at many itieanit of the state as possible, the Colorado s p eci men s nrsmined ace not listed, unless for particu- 
lar ressons, as they do not contribute to the understanding of the natural distribution of these species. 

• Bass, Pike, Ptrck and Otktrs, p. 175, 1903, New York. 
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ThTinalliis monttnus Milner 
Montana Gkayiing 

TkymaUus monUmms Milner, Rtpt. US, Pisk Com., Vol. II for i873-73> p. 74i* x874 (tributaries 
of the Missouri at Camp Baker). 

Body somewhat elongate and compressed, not much elevated; depth 4. 5 to 
5 or a little more in the length; head rather short, its length about equal to the 
greatest depth of the body; diameter of the eye equalling the length of the snout, 
3. 5 to 4 in the head; dorsal fin long and rather high, length of its base equalling 
or slightly exceeding the length of the head, length of the longest dorsal ray 
barely equal to or usually a little less than the length of the base of the dorsal, 
dorsal rays 19 to 22; pectorals small, tip of the pectorals not reaching the base 
of the ventrab by the length of the pectorab; ventrals about the same size as 
the pectorals, base of the first rays of the ventrab on or slightly in front of the 
level of the last dorsal ray; anal rays 10 or 11; scales small and loose, 8 or 9, 
80-90, 9 or 10; reaching the weight of 2 poimds or more. 

General color grayish to silvery, shading dorsally into rather dark grayish 
blue or purple, below the lateral line pinkish shading into silvery white ventrally; 
sides with a lilac or purplish reflection; sides of the body above the pectoral fins 
with several small irregular black spots, each covering portions of from one to 
four scales; dorsal fin rather dark greenish gray, margined with rose-pink, crossed 
by five or more rows of orange-red or pinkish spots some of which are distinctly 
ocellated with white, upper posterior portion of the dorsal with a few reddi^ 
blotches; ventral fins with three rose-red stripes; pectoral and anal fins white 
with a pinkish or brownish cast. 

The Montana Grayling b a native to the Missouri and its tributaries above 
the Great Falb, inhabiting the clear streams with rock or gravel bottoms. As this 
region was traversed by the Lewb and Clark e]q>edition, the earliest record of 
thb species occurs in their journal,' although the fish was not named at that time. 
It has been introduced in various parts of the country with but fair success. 

ThymaUus mcntanus spawns in April and May, the eggs being much like those 
of the trout except that they are smaller. 

In Colorado the Grayling has been introduced on both sides of the Continental 
Divide by the United States Fish Conmiission, the State Fish Commission and 
by local fishing dubs.' In 1901,' 100,000 fry and fingerlings were liberated in 
Colorado by the United States Fish Conmiission alone, yet the Grayling b not 
well established in the state at present. 

Many of the reports of Grayling in Colorado which have been received by 

> Bass, Pik$, Perch amd Others, p. 182, 1903, New Yock. 

* See Iteporto of the United States Fith Commiasioo; of the Cokxado Commiaioner of Gams ud Fiih; 
and reports of American Fisheries Society. 

> Ript. US. Pish Com. for igoi-tgoi, p. zoi. 
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the writer were shown to be rqx>rt8 of ^^lliamson's Whitefish, Coregonus wiUiam- 
soni Girard, which Is often confused, locally, with the Grayling. 



Family SALMONIDAE 
The Trout, Charr$, Whitefish, and Salmon 

Dorsal fin moderate, of 15 or fewer rays; adipose fin present; parietal bones 
not meeting mesially but separated by the anterior portion of the supraocdpital 
which joins the frontab. 

The numerous species of Salmonidae are confined to the northern two-thirds 
of the northern hemisphere, ranging into the Arctic regions. Most of the Sal- 
monids are fresh-water forms and even the larger species of Salmon which spend 
a considerable portion of their lives in salt water ascend rivers to spawn. In this 
family are included some of the best-known game fishes, the Trout and Charrs, 
as well as other species of large commercial value. Several million pounds of the 
Lake Whitefish, Coregonus dupeiformis (Mitchill), are taken annuaUy from the 
Great Lakes, and the large species of Salmon, Oncorkynckus tschawytscha (Wal- 
baimi) and related forms, which are so abundant in the Columbia River region, 
have become the center of a large industry. 

Viewed from a purely commercial standpoint the Salmonid fishes of Colorado, 
particularly the Trout, are the most important fishes in the state, forming a valu- 
able natural asset. The presence of Trout in the moimtain streams of Colorado 
adds annually several thousands of dollars to the general wealth of the state. 
The additional value of these fishes to the residents of the state cannot be reckoned 
so easily but it is certainly large, so that the care of the Trout and their artificial 
propagation weU repay the funds so invested. 

Four genera of Salmonidae are represented in Colorado by either native or 
introduced species, or both. Three of these genera are so closely related that 
technical characters must be used for their separation, although the markings and 
colors of the Colorado species are added to facilitate rapid determination. The 
yoimg of most species of Salmonids are marked with several vertical, dusky bars, 
known as "parr marks. "^ These parr marks gradually disappear as the fish 
grows older, although they may persist in almost full-grown individuals, and are 
not to be confused with the black spots mentioned in the key. 

a. Jaws usually without teeth; teeth if present extremely minute; scales rather prominent; 
lower jaw shorter than the upper by which it is partly included; Colorado species silvery, 
bluish above, without spots, fins margined with black, parr marks only in the young. 

Coregonus (Artedi) Linnaeus, p. 74 
aa. Jaws strongly toothed; scales smaU, often more or less obsciuv; spedes spotted with black; 
parr marks persisting in rather large individuak. 

* See Fig. $7- 
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b. Vomer flat; American qiedes spotted with black but not with red, pink or gray; introduced 
European spedes spotted with black and scarlet, the scarlet spots bdng more or less ocellated 
with white, adipose fin tipped with bright orange-yellow, general color above brownish. 

Salmo (Artedi) Linnaeus, p. 75 
bb. Vomer boat-shaped; species spotted with red, pink or gray, but without ocellated scarlet 
qx»t8. 
c Vomer without a raised crest; species much spotted with bright red; anterior margins 

of lower fins white SalveUnm Richardson, p. S4 

cc. Vomer with a raised crest extending posteriorly from the head of the bone; species 
spotted or mottled with gray or rarely pale grayish pink, but without bright red spots. 

CrisHoomer Jordan and Gill, p. 85 

Subfamily Coreooninae 

Genus CORBGOITQS (Artedi) Linnaeus 

The Whitefish 

Coregonus Artedi, Genera Piscium, p. 9f i738' 

Coregam Linnaeus, Syskma Nalmrae, ed. X, p. 310, 1758. 

Body compressed; head rather short and somewhat conical; mouth small, 
angle of the mouth barely if at all reaching the level of the anterior portion of the 
eye; scales not extremely small, but rather prominent. 

Species of this genus are found in both the old and new worlds and most of 
them are food fishes of value. A single species is fairly abundant in northwestern 
Colorado. 

Coregonus williamsoni Girard 
Williamson's WmTEFiSH, Rocky Mountain Whitefish 

Coregonus wUUamsoni Girard, Proc, Acad. Nai. Set. Pkiia., p. 136, 1856 (Deschutes River, 
Oregon); Evesmamn and Smith, Rept. U.S. Com. Fisheries for 180^-94* p. 29s, 1896 (Meeker, 
Colorado). 

Body compressed and somewhat elongate, its depth 4 to 5 in the length; 
head rather short and conical, its dorsal profile sloping rather abruptly, ventral 
profile almost straight, length of the head about equal to or a little less than the 
greatest depth of the body; eye large, nearer to the tip of the snout than to the 
gill opening, situated in the upper half of the head, diameter of the eye less than 
the length of the snout, 4 or more in the head; snout rather short and blunt in 
females and young, in breeding males somewhat produced and upturned at the 
tip; mouth small, slightly ventral, angle of the mouth barely reaching the level 
of the anterior margin of the orbit; lower jaw shorter than the upper, by which 
it is partly included; dorsal fin rather short and high, length of its longest ray 
almost or just equalling the length of the base of the dorsal, which is about i . 5 
in the head; dorsal rays 12 to 14, base of the first ray of the dorsal about midway 
between the tip of the extended pectoral and the origin of the ventrals; pectorab 
short, separated from the ventrals by about their own length; ventrals much the 
same size as the pectorab, origin of the ventrab on a level with about the tenth 
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lay of the dorsal; anal fin almost as large as the dorsal, of ii to 13 ra3rs; adipose 
fin large and prominent, its tip reaching beyond the level of the last anal ray; 
caudal peduncle narrow, its least depth about 3 in the head; caudal fin deq>ly 
forked; scales not very small, 8 to 10, 80-90, 8 to 10, those on the sides of the body 
of breeding males with tubercles. 

Color above dark grayish or greenish blue shading into silvery on the sides 
and grayish white below; dorsal fin dark, adipose and caudal grayish blue to 
sted-blue, pectoral, ventral and anal fins dusky, outer portion of all fins margined 
with black; yoimg with dusky parr marks. Size moderate, reaching a length of 
12 inches or more and a wei^t of 5 pounds, average specimens about a pound. 

Williamson's Whitefish is a species of the western slope of the Rocky Moun- 
tains, ranging from Colorado northwestward through Utah and Idaho to the 
Pacific Coast and British Columbia. A variety, C. wiUiatnsani cismonkmus 
Jordan, is known from the tributaries of the Upper Missouri east of the Continental 
Divide. In cold deep lakes the Whitefish finds its favorite habitat, running into 
small streams during the spawning season, the late fall and early winter.' As a 
game fish this species is much like the trout, taking both the fly and still bait. Its 
flesh is excellent. In Colorado this fish is found in the Yampa and White River 
drainages and has been reported to the writer as quite abimdant in several local- 
ities. It is known locally as the '* Grayling," which it resembles superficially, 
but from which it may be easily separated by the small dorsal fin and the absence 
of several rows of bright orange spots on the dorsal fin and the three pink stripes 
on the ventrals, these markings being characteristic of the true Grayling, ThymaUus 
motUanus. The Whitefish is also known as the ''Rocky Mountain Herring." 

Subfamily Salmoninae 

Genus SALMO (Artedi) Linnaeus 

The Sabnon and Trout 

Solmo Artedi, Genera Pitcium, 1738. 

Salmo Lnmaeus, Syslema Naturae, ed. X, p. 308, 1758. 

Body moderately elongate and compressed; mouth large, its angle reaching 
to or beyond the level of the center of the eye; lower jaw equal to or barely 
exceeding the upper, lower jaw of breeding males often upturned at the tip; teeth 
on the tongue, palatine bones, vomer and both jaws; vomer flat; pyloric coeca 
numerous; scales »nall. 

Since the species of this genus, particularly the trout, are so dosdy related, the 
variation in the measurements usually given is less in some cases between different 
species of Salmonids than that between individuab of species of some other groups. 
Accordingly the technical descriptions of the Salmonids found in Colorado are 
omitted and the general description given under this head. 

' Evz&MANN AMD Smxth, Rtpt, US. CoM, PUhtfies, p. 903> x8q6. 
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Depth 3. 7 to 4. 5, head 4 to 5 in the length; dorsal rays 10 to 12; anal rays 
10 to 12; scales small, 20 or more between the base of the dorsal fin and the 
lateral line; 120 or more cross-rows of scales. 

This genus includes both marine and fresh-water spedes. The Atlantic 
Salmon, S. solar Linnaeus, the Sebago or Landlocked Salmon, S. sebago Girard, 
and the Trout of the Rocky Moimtain and Pacific regions are the North American 
representatives. All of the species, particularly the fresh-water forms, are closely 
rdated, yet many rather definite types are foimd native in independent rivers 
or drainages. Some of these trout, as the Loch Leven Trout, S, fario levenensis 
(Walker), have been shown to be merely weU-defined races resulting from peculiar 
local conditions, forms which when placed imder slightly different conditions 
return to the original type from which they were derived.' Other types appar- 
ently maintain their identity although closely resembling other trout with which 
they may be associated. As a result some ichthyologists believe the species of 
trout to be few and the varieties numerous, while others hold each form to be a 
distinct species. The fact of large importance is that differences do exist between 
the trout of separate streams and drainages, and this should be recognized. The 
trinomial nomenclature is used in this report since it points out both the rela- 
tionships and the differences for the forms considered. 

Eleven types of trout are to be found in Colorado and excepting two species, 
the Eastern Brook Trout, Salvdinus forUinalis (Mitchill), and the Mackinaw 
Trout, Cristivomer namaycush (Walbaiun), all are members of the genus Salmo. 
Four of the forms belonging to this genus are native in Colorado, the Green- 
backed Trout, S. darkii stomias (Cope), the Rio Grande Trout, 5. clarkii spUunts 
(Cope), the Colorado River Trout, S, clarkii pUuriticus (Cope), and the Yellow 
Finned Trout, 5. clarkii macdanaldi (Jordan and Evermann), the last-mentioned 
species occurring only in Twin Lakes. These four trout are known collectively 
in Colorado as *' Native Trout" or ''Natives." In addition to the indigenous 
trout, five other forms may be taken, the Landlocked Salmon, S. sebago Girard, 
the Rainbow Trout, S. irideus shasta (Jordan) and S, rivularis Ayres, the Sted- 
head Trout, introduced from various parts of North America; and the Brown 
Trout, 5. fario Lmnaeus, and the Loch Leven Trout, 5. fario levenensis (Walker), 
introduced from Great Britain. 

Both native and introduced trout have been carried from one drainage to 
another so that often several forms occur in the same stream. It is at once seen 
that this condition makes possible both competition and hybridization between 
species which would not be associated under natural conditions. In general the 
introduced Eastern Brook Trout is the most successful form, although the demand 
for this species and the resultant interest in its artificial propagation must be 
considered in this connection. As regards the hybridization of the trout there 

* JOKOAN, ScUnet, N.S., Vol. XXII, p. 7X4> X9os- 
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are almost no data from either Colorado fishermen or Colorado collections. The 
belief is current that the various native trout cross with the introduced Rainbow 
Trout and several reports of such hybrids have reached the University. The 
writer was also assiu-ed that Steelheads and Eastern Brook Trout crossed when 
kept in a lake near Durango. As opposed to such reports Jordan states that he 
''has examined many thousands of American Salmontdae, both of Oncorkynchus 
and SalmOf** and ''while many variations have come to his attention, and he has 
been compelled more than once to modify his views as to specific distinctions, he 
has never yet seen an individual which he had the slightest reason to regard as 
a 'hybrid.'" On the next page he quotes Gtinther as writing that "hybrids 
between the sabnon and other species are very scarce everywhere." That hybrids 
between some species of the genus Salmo are possible when the eggs are artificially 
fertilized is established by experiment, and Mr. S. £. Land of the Colorado State 
Fish Conmiission told the writer that such an artificial cross had been successfully 
made between the "Native" and the Rainbow at the Denver Hatchery. No 
specimens of authentic hybrids either from nature or from artificial fertilization 
have been examined in the present study. 

Trout are primarily fishes of the moimtain streams and lakes since they are 
physiologically adjusted to live in cold clear water with a high oxygen content. 
All are carnivorous, feeding as adults for the most part on other fishes and to some 
extent on insects and other stream animals. Aside from man the chief enemies 
of the trout are the Sculpin,' CoUus punctulatus^ the Dulcis Minnow, Rhinichthys 
dukiSf Yarrow's Dace, Agosia yarrowi, and the suckers, aU of which destroy trout 
eggs. Of these fishes the Sculpin is the most harmful since it is rarely eaten by 
the trout yet feeds upon both the yoimg trout and trout eggs. Between the 
suckers, Dulcis Minnow and Yarrow's Dace, and the trout there exists a com- 
pensating relation which makes each group of value to the other. The former 
eat trout eggs but the yoimg suckers and both yoimg and adults of the Dulcis 
Minnow and Yarrow's Dace collectively form one of the most important items 
in the food of the adult trout. It has been shown that trout do not thrive in 
streams in which young or small fish are not available for food. In lakes where 
the supply of insects is greater the presence of small fishes is not so essential but 
th^ nevertheless form a considerable portion of the food of the adult trout when- 
ever present. Other factors limiting the number of trout in Colorado streams are 
overfishing, the introduction of mine and mill waste into the trout streams and 
the deflection of water for power or irrigation piuposes. 

The ^)ecies of trout foimd in Colorado may be separated by the following 
key. Since the various colors and markings of the trout vary with the individual 
and to some extent with the inmaediate environment as well as the season, it is 
difikult to give characters which will cover all specimens. Typical specimens 

' See pp. 64. 68, uid 114. 
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in full color are quite distinct. Occasionally long slim individuals known as 
"Racers" are caught, the coloration of which is strikingly peculiar in some respects. 
A large racer with a bright red stripe along each side of the body below the lateral 
line was recently reported to the writer from Grand Lake. In using the key the 
red blotches due to the breaking-up of the lateral red band are not to be confused 
with the bright-red, well-defined spots of the Eastern Brook Trout and the Brown 
Trout. Parr marks are to be disregarded unless mentioned. The scale cross- 
rows mentioned below refer to the oblique bands of scales which cross the body 
dorso-ventrally. These bands should be coimted from the gill opening posteriorly 
to the base of the caudal fin, and may best be followed just above the lateral line. 
The scales in the lateral line are not to be coimted unless mentioned specifically. 
Both color and anatomical characters are given, the more important of each 
being italicized. The species groups followed are those of Jordan.' 

a. PyUnc coeca 65 or more; scales targe, about 120 in the taterat time amd a j between Ike base oS the 
dorsat and the taleral time; vomer feebty loathed; color above brownish, sides silvery with numer- 
ous black spots some of which are almost as large as the pupil of the eye, but withomi red spots; 
five or more large, black spots on the operculum; sides of the body in breeding males with several 
suffuse reddish patdies; moredomihe throat near Ihe immer edge of the tower jaw; dorsal, vemtral 
amd amalfins mo$ tipped with white or yellowish; young with 11 or more parr marks; breeding 
males with the lower jaw hooked; flesh salmon red; tail withomi btach spots. 

5. sebago Girard, "Landlocked or Sebago Sabnon" 
aa. Pyloric coeca 401060, usually about 4$; vomer strongly toothed; 120 or mtore cross-rows of scales; 
parr marks of the young usually less than zi; tail with btach spots, 
b. Sides without red spots, although red clouds or a lateral red band may be present. 

c About 125 cross-rows of scales; general color dusky or greenish; sides of the body in the 
lateral line region with a broad orange or red band, which is sometimes reduced to a series 
of reddish clouds; body, head and fins with numerous, small, rather uniform, black 
spots, which are especially dose together dorsally and on the caudal and dorsal fins; 
usually mo red om the throat mear the immer edge of the lower jaw; vemtral, amat amd dorsal 
ftns tipped with white or yellow; dorsal fin dusky, pectoral, ventral and anal fins more or 
less yellowish or even orange; sides of the body below the lateral line often with a bluish 
or lilac iridescence; scales of adults somewhat brassy. 

5. irideus shasta (Jordan), ''Rainbow Trout" 
cc« ISO to 200 cross-rows of scales; dorsal, ventral amd amal fins mot Upped with white or 
yellowish. 

d* No red om throat mear the inner mtargin of the lower jaw; about 150 cross-rows of scales; 
general color silvery, bluish dorsally and quite blue on the top of the head and in 
the mid-dorsal region; body above the lateral line, top of the head, dorsal and caudal 
fins rather closely spotted with black; ventral and anal fins dusky. 

S. rivularis Ayres, "Steelhead Trout" 
dd. A bright red marh on each side of the throat along the immer edge of the lower jaw, this 
mark often somewhat concealed by the edge of the dentary bone but usually rather 
prominent; scales small, usually 160 or more cross-series. 

•• Pectoral, vemtral amd amalfims red, reddish or pale, but mot bright yellow; regiom alomg 
the lateral lime more or less reddish, often bright red, 

> Fishes (" Amer. Nature Series"), p. 3x9. X907» New Yock. 
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f . Spoti nmmtrotu, maity bdaw Ike laknU Hne; a pmk or red laletal band usuaUy 
preseni; in some spedmens the head and region in front of the dorsal fin may be 
qtute free from spots. 

g. Scales raiker promineni, aboui 160 cross-rows; general color Ugki, often sihery, 
darker dorsaUy; sides iridescent^ with a lig^t pink band which may be quite 
red and prominent or ahnost wanting; spots more abundant back of the dorsal 
fin than in front of it . . 5. <:(arJMi^aMf«i (Cope), "Rio Grande Trout" 
gg. Scales smaller than the preceding form, about 185 cross-rows; general color 
greenish to dusky > ^ distina, red, lateral band; black spots usually ratker large 
and quite numerous over Ike entire body, botk in front of and posterior to tke 
dorsal Jin; lower fins brigkt red; some individuab with the fins and lateral 
band orange-red; many spedmens with a brassy luster. 

5. clarkii pleuriticus (Cope), "Colorado River Trout" 
ff . Spots large and not numerous except on tke caudal peduncle, few if any below tke 
lateral Une and in tke region im front of tke dorsal fin; general color green, quite 
dark to almost black dorsally; lateral red band wanting or represented by but a few 
red clouds; pectoral, ventral and anal fins reddish, in breeding males bright red; 
red on tke tkroat quite prominent; flesk usually red or pink; about 180 cross- 
rows of scales. ... 5. clarkii stomias (Cope), "Green-backed Trout" 
••• Pectoral, wentral and anal fins brigkt yeUow; a broad, yellowisk area along tke lateral 
line; no red on tke kead, fins or body excepting tke red mark on eack side of tke tkroat 
near tke inner margin of tke lower jaw; black spots small, almost confined to tke 
posterior kalf of tke body aboee tke lateral line. S. clarkH macdonaldi (Jotdui 

and Evermann), " YeUow-finned Trout of Twin Lakes" 
bb.f;Sides of tke body witk red spots, which are more or less ocellated with white; tail witkout 
Hack spots, 

h. Adipose fin edged witk orange-yellow; general color brownisk; red spots numerous; black 
spots large and margined with lig^t gray or white; sides of the body somewhat silvery. 

S.fario Linnaeus, "Brown or Von Behr Trout" 
hh. Adipose fin very sUgktly if at all edged witk orange yellow; red spots few or rarely entirely 
wanting; black spots few; general color brownish, sides quite silvery. 

S.fario levenensis (Walker), "Loch Leven Trout" 

Salmo sebago Girard 
Landlocked Salmon, Sebago Salmon 

Salmo sOago Girard, Proc. Acad, Nat, Sci. Pkila., p. 380, 1853 (Sebago Lake, Maine); Juday, 
BuU. U,S, Pisk Com,, Vol. XXVI, p. 163, 1906 (Twin Lakes). 

Salmo salar sebago (Girard)— Jordan, Bull, U,S. Pisk Com., Vol. DC, p. 16, 1889 (Twin 
Lakes). 

The Landlocked Salmon is a native of the lakes of northern Maine, Lake 
Sebago, and other lakes, although it is derived, by becoming permanently land- 
locked, from the Atlantic Salmon, Salmo salar Linnaeus, of the eastern coast. 
The differences between the Sebago Salmon and the Atlantic Salmon are so slight 
that the former is often regarded as but a variety of the latter. The Landlocked 
or Sebago Salmon was mtroduced into Twin Lakes about 1885 and other ship- 
ments of this fish have been planted there subsequently, one of the largest being 
made in 1902. It has become established in the two lakes but b not very abun- 
dant. Juday' states that "one was caught weighing 6 and another 4) pounds'' in 

> Butt. us. Fish Com., Vol. XXVI, p. x6a. xqo6. 
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Twin Lakes, and during his investigations at these lakes during the summers of 
1902 and 1903 he took 34 specimens of the Landlocked Salmon, the largest of 
which was 33.5 inches in length. In Maine this fish reaches a weight of over 
30 poimds. It is valued as a game fish, although less interesting to the ^ports- 
man than some of the other Salmonids. The flesh of the Landlocked Salmon is 
red, of a firm consistency and a very acceptable flavor. 

Salmo sebago lives in deep water which it leaves in the fall when it runs in 
small streams to spawn. Its food consists of small fishes, insect larvae and other 
aquatic invertebrates. 

Stimo irideus Gibbons 
Rainbow Trout, Coast Range Troxtf 

Salmo irideus Gibbons, Proc, Col. Acad, Nat. Set., p. 36, 1855 (San Leandro Creek, Alameda 
County, California). 

The Rainbow Trout and its varieties are natives of the Pacific Coast region, 
ranging from southern California north into Alaska. The Rainbow Trout which 
has been so generally introduced into the streams of the Rocky Moimtains is a 
variety of the true Rainbow Trout. This variety, 5. irideus shasia (Jordan), b 
a native of the streams of the Sierra Nevada Mountains in the vicinity of Mount 
Shasta. Since this trout is quite abundant in the McCloud River and has been 
distributed from that stream by the United States Fish Commission it has come 
to be known as the McCloud River Rainbow Trout as distinguished from the 
true Rainbow Trout. 

Salmo irideus shasta (Jordan) 
McCloud River Rainbow Trout, Locally " Rainbow Trout " (Figs. 37 and 38) 

Salmo gairdneri skasta Jordan, Tkirteenlh Bim. Repi. Pish Com. of California^ p. 142, 1894 
(McCloud River at Baird, California). 

Saimo irideus shasta Qordan)— Juday, Bull U.S. Pish Com., Vol. XXVI, p. 162, 1906 (Twin 
Lakes). 

Salmo irideus Gibbon»— Jordan, Bull. U.S. Pish Com., Vol. DC, pp. 6 and 16, 1889 (Twin 
Lakes). 

The McCloud River Rainbow Trout differs from the true Rainbow Trout 
in having slightly smaller scales, in the more frequent presence of a red coloration 
on the throat and in not running into salt water. It also reaches a larger size. 

The excellent game qualities and general hardiness of the Rainbow Trout have 
given them widespread popularity and have led to their successful introduction 
in many parts of the country. From the standpoint of the sportsman the true 
Rainbow is perhaps the most interesting of the trout, and the McCloud River 
variety is but little less of a filter. It has been stated by several writers' that 
Rainbow Trout take fewer small fishes and correspondingly mote insect larvae, 

' JOKDAM AMD EvKEMAMN, Amtf. Pood oud Came Pishes, p. zgS, 1903, New York; ChamUrs Joum. Nat. 
Fish Cult. Assoc. Bn^and, Vol. 1, 1889. 
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small wonns and crustaceans than other trout. Juday/ however, in the examina- 
tion of the stomach contents of io6 specimens of this spedes taken at Twin Lakes 
found young suckers to form a very considerable item in the food taken. 

The Rainbow Trout in Colorado spawns in the late spring and early smnmer, 
from May to July, depending upon the altitude; the higher the station the later 
the spawning time. The yoimg fish are quite active and grow very rapidly. 
Jordaii and Evermann' give the following data r^^ding the relation of size to 
age under favorable conditions, for this fish: 

1 year H to i ounce 

2 yean 8 to zo ounces 

3 years i to a pounds 

4 years 3to 3 pounds 

They add that this species continues to grow imtil it is eight to ten years old, the 
rate of growth decreasing with the age of the fish. 

Many large individuab have been taken in Colorado since the introduction of 
this q)edes. In the Museum of the University of Cobrado there b a specimen 
of the McCloud River Rainbow 22) inches in length which was caught in Stapp's 
Lake, Boulder County, August 22, 191 2, by President James H. Baker. Several 
records of '^ Rainbows" caught recently, weighing over 5 pounds, have been 
received. In favorable conditions, particularly in warmer water than that of the 
moimtain streams of Colorado, this species reaches the weight of 10 poimds 

or more. 

Stlmo riyularis A3rres 

Steelhead Trout, "Salmon Trout" 

Salmo rhularis Ayres, Proc. Col. Acad. Nat. Set., p. 43, 1855 (Martinez, California). This is 
the Salmo gakdneri of many writers. 

The Steelhead Trout is a large migratOTy species native in the Pacific Coast 
region, ranging north into Alaska. Along the coast it spends a considerable part 
of its life in the ocean and runs upstream to the headwaters of the Columbia, 
Snake and other coastwise rivers to spawn. The sea-going individuals become 
quite large, reaching a weight of 20 pounds or more, but those permanently 
landlocked do not grow so lainsc.. Wherever found this trout is a voracious q>edes. 

Several plantings of Steelheads have been made in Colorado, by both federal 
and state fi^ commissions, 14,000 being placed in St. Vrain Creek near Lyons in 
1902. No reports of recent catches of this species have been received. 

Stlmo cUrkii Richardson 
Columbia River Trout 

Salmo darkU Richardson, Pautta Boreal. Amer., Vol III» p. 225, 1836 (Cathlapootl River). 

This species and its sub^)edes are known collectively as the Cutthroat Trout 

because of the red nuu-k on each side of the throat near the inner margin of the 

> JmuY, BuU. us. Pish Com., Vol. XXVI, p. 166. iqo6. 
• Amor. Pood and Camt Pishes, p. 199, 1902, New Yoric. 
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lower jaw. Four of these forms are found in Colorado as Native Trout. They 
were originally restricted to particular drainages until tran^x>rted by man, but 
are now scattered over the state regardless of drainage boundaries, lliese Native 
Trout spawn in the early spring. 

Stlmo clarkii spiloras (Cope) 

RiO G&ANDE TrOXTT 

Salmo spUurus Cope, Hoyden Ceohiical Survey of Montana for 1871, p. 470, 1872 (Sangre de 
Cristo Pass). 

Salmo mykiss spUnrus (Cope)— Jordan, Bull. U^. Pisk Com., Vol. DC, p. 14, i88g (Rio 
Grande). 

This species b native only in the Rio Grande drainage. In general coloration 
it is the lightest of the native species, although individuals vary greatly. Some 
specimens of this form taken from the Rio Grande at Creede in 191 2 were quite 
silvery and had very small black spots; the lateral band was of a pale rose-red 
color. An individual caught in Boulder Creek where it has been introduced was, 
on the other hand, quite dusky. The Rio Grande Trout reaches a length of over 
36 inches. 

Stlmo clarkii pleuriticus (Cope) 

Colorado River Trout 

Salmo pieurUicus 0>pe, Hayden Geological Survey of Montana for 1871, p. 471, 1872 (head- 
waters of Green River in Wyoming); Cope and Yarkow» Wheeler Survey, Vol. V, p. 693, 1875 (Ft 
Garland, Rio Grande; Pagosa). 

Salmo mykiss pleuriUcus (0>pe)— Jordan, Bttll. US. Pisk Com., Vol. DC, pp. 14, 38, 1889 
(Trappers Lake; Eagle River; Canyon Creek; Sweetwater Lakes; Gunnison River; Rio Florida); 
Jordan and Evermann, Bull. 47, U.S. Nat. Mus,, p. 496, 1896 (Eagle and Gunniscm rivers). 

The Colorado River Trout is a native of the headwaters of the Colorado River, 
being quite abundant in Grand Lake, Trappers Lake, and the iq>per Grand River. 
Average specimens are quite dark with nmnero\is rather large black spots which 
are rather uniformly distributed over the body. The red lateral band b usually 
very prominent in this form. Size moderately laige, reaching a weight of 3 
poimds or more. This trout and the Rio Grande trout have been considered 
almost if not quite identical by some writers. 

Salmo clarkii stomias (Cope) 
Green-backed trout 

Salmo stomias 0>pe, Hayden Geological Survey of Wyoming for 1870, p. 433, 1871 (South Platte 
River); Juday, Bnll. U.S. Pisk Com., Vol. XXVI, p. 162, 1906 (Twin Lakes); Cockerexx, Un^. 
Colo. Studies, Vol. X, p. 174, 1908 (Boulder Creek. Boulder). 

Salmo mykiss stomias (0>pe)— Jokdan, BuU. U.S. Pisk Com., Vol. DC, p. 8, 1889 (Bear Creek 
above Morrison). 

The Green-backed Trout is the native trout of the Arkansas and Platte 
drainages. It is a small species, average individuab rarely exceeding a poimd in 
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weight. Specimens caught in Boulder Creek which weighed aknost a pound have 
been examined. This species ^>awns in early spring and according to Jordan' 
prefers the water from melting snow to that of springs when running to spawn. 

Salmo cUrkii macdonaldi (Jordan and Evermann) 
Yellow-finned Trout of Twin Lakes 

Salmo mykiss macdonaldi Jordan and Evermann, Proc. U^. Nat. Mus.for i88g, p. 453, zSqo 
(Twin Lakes); Jordan, BuU. U^. Pish Com., Vol. DC, p. zi. 1889 (Twin Lakes). 

Salmo macdonaldi Qordan and Evermann)— Juday, Bull US, Pish Com,, Vol. XXVI, 
p. 163, 1906 (no specimens). 

This trout is a laige form known only from Twin Lakes, where it inhabits the 
deep water, running into the adjoining streams to spawn in the early spring when 
the water b^;ins to rise from the melting snows. The largest specimen of this 
form recorded weighed 8 poimds ii) ounces. Although it was reported abundant 
in 1889 it is s^parently very rare m these lakes at present. No specimens were 
obtained by Juday during the summers of 1903 and 1903 and Mr. Irwin Simonson, 
who made inquiry of several persons who fish regularly in Twin Lakes, reports 
that no Yellow-finned Trout have been caught for several years. 

Salmo fario Linnaeus 
Brown Trout, Von Behr Trout 
The Brown Trout or Von Behr Trout b the trout of England concerning 
which much has been written both by anglers and by others. It has been intro- 
duced into many parts of the United States. Plantings of this species and its 
variety, the Loch Leven Trout, were made in Colorado in 1894 and 1901 by the 
United States Fish Commission.' This trout is easily distinguished from the 
other species of the genus Salmo found in Colorado by Uie bright red spots which 
are more or less ocellated with white or pale pink, together with the bright orange 
tip of the adipose fin and the general brown color. The red spots might cause this 
species to be mistaken for the Eastern Brook Trout, SalveHnus forUinalis, which 
may be recognized by the broad white edging of the anterior margins of the 
pectoral, ventral and anal fins. No specimens of this trout collected in Colorado 
have been examined in the present study, although it has been reported to the 
writer from the Gunnison River. 

Salmo fario levenensis (Walker) 

Loch Leven Trout 

This variety of the preceding species is a native of Loch Leven, Scotland. It 

was introduced into Colorado in 1894. This fish differs from the Brown Trout 

in having fewer spots, the red spots being entirely absent in some specimens, and 

*BmU, us. Pish Com., Vol. DC, p. 13. 1889. 

•Set R$pis. U.S. Pish Com. (or 1894-95 and xgox-oa. 
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in the loss of the orange tip to the adipose fin. It has been noted' that the Loch 
Leven Trout when introduced into the streams of Yosemite Park reverted to the 
typical Brown Trout with bright-red spots and orange-tipped adqx>se. It is 
entirely possible that such a change may have taken place in the Loch Leven 
Trout planted in this state so that any caught will probably be the true Brown 
Trout as regards markings. No specimens of this trout taken in Colorado have 
been examined by the writer. 

Genus SALVBLINUS Richardson 
The Charrs 
SaheUnus Richardson, Fauna Boreal. Amer., Vol. Ill, p. 169, 18^6. 

Species of this genus in general appearance are much like those of the genus 
SalmOy from which they may be separated by the boat-shaped vomer, the smaller 
scales, of which there are 200 or more cross-rows, by the round, bright-red or 
crimson spots on the sides of the body, and the white or orange edgings to the 
anterior margins of the pectoral, ventral and anal fins. Pyloric coeca 35 to 50. 
Species of this genus are known from both the Old and the New World, inhabit- 
ing cold and rapid waters of small streams. Salvdinus is represented in Colorado 
by the Eastern Brook Trout, an introduced species. 

Salvelinus fontinalis (Mitchill) 
Eastern Brook Troxtt, Speckled Trout (Figs. 39, 40, 41, 42 and 43) 

Salmo fonUnaUs Mitchill, Trans. LiU. PkU. Soc, N.Y., Vol. I, p. 435> i8x5 (near New YoriL 
City). 

Salvdinus fontinaUs (Mitchill)— Jordan, Bull. US. Pish Com,, Vol. DC, p. 16, 1889 (reported 
as introduced into Twin Lakes); Juday, Bull. U.S. Pish Com., Vol. XXVI, p. 162, 1906 (Twin 
Lakes); Cockerell, Univ. Colo. Studies, Vol. V, p. 175, 1908 (Allen's Park, Boulder County). 

Head 4 to 4. 5, depth about 4.4 in the length; dorsal rays 10 or 11, anal rays 9. 

General color dusky to dark green, sides lighter, shading to pale yellow or 
reddish below; top of the head quite dark; body above the lateral line dark, 
mottled and marbled with dark olive-green but without spots excq>t near the 
lateral line; two or more irregular rows of black and crimson spots, the latter being 
smaller than the pupil of the eye, in the lateral line region; ventral parts lighter, 
varying from pale yellow, to bright orange-red in breeding males; pectoral, ventral 
and anal fins with a rather broad, yellowish or orange area along their anterior 
margins, this area edged posteriorly with black or dusky; lower margin of the 
caudal fin marked in much the same manner; dorsal fin dusky, qiute dark at the 
base, crossed by several irregular and broken bars of black or dusky; parr marks 
in the young quite distinct, often persisting as faint dusky, vertical bands on fair- 
sized individuab; size small to moderately large, average specimens usually 12 
inches or less; in Maine specimens have been taken weighing 6 pounds or more. 

' Jordan, Sdtua, N.S., Vd. XXn. p. 7Mf i0os. 
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This tiout b one of the most handsome of the fresh-water fishes, and its 
brilliant coloration, the rugged situations from which it b usually taken and the 
splendid ^port it offers have combined to make it one of the most prized game 
fishes. It b quite hardy, an additional factor contributing to its wide introduc- 
tion throughout the Rocky Mountain region. The Eastern Brook Trout b a 
native of northeast United States and southern Canada east of the Mississippi 
River, ranging south along the Appalachian Mountains into northern Georgia, 
yet so completely b it established in the streams of the Rocky Mountains, it seems 
part of the native faima of Colorado. 

Salvdinus fofUinalis in Colorado spawns from late October to early December, 
the eggs for the fish hatcheries being collected in November. The eggs are 
deposited on the gravel bottom of small, shallow streams and do not hatch imtil 
the water begins to get warm in the spring. 

Genus CRISTIVOMER Gill and Jordan 
The Great Lakes Trout 
Cristhomer Gill and Jordan, in Jordan, Manual of Vertebrates Eastern U^., ed. II, p. 356, 1878. 

The species of thb genus differ from those of the geniis Salvdinus in the type 
of vomer; thb bone in Crisiivomer has a raised crest. The species of Cristivotner 
are also more elongate and are without red spots, the sides of the body being much 
mottled and blotched with gray or rarely pinkish gray. Thb genus b represented 
in Colorado by the single introduced species, the Mackinaw Trout. 

Crisiivomer namaycosh (Walbaimi) 
Great Lakes Troxtt, Mackinaw Trout 

"Nanuycush Salmon" — ^Pennant, ArcHe Zoology, Introd., p. 191, 179a (Hudson Bay). 
Salmo namaycusk Walbaum, Artedi Pisciwm, p. 68, 1792 (Hudson Bay). 
CrisUoomer namaycush (Walbaum)— Juday, BnU. U^. Pish Com., Vol. XXVI, p. 163, 1906 
(Twin Lakes). 

Body dbtinctly elongate; head long, 4 to 4. 5, depth 4 or a little less in the 
length; caudal peduncle rather narrow, its least depth about 3 in the head; dorsal 
rays 11, anal rays 11. 

General color dusky or dark gray, lighter ventrally; head and mid-dorsal 
region quite dark; sides, dorsal and caudal fins much mottled with irregularly 
rounded, pale-gray or rarely pinkish-gray spots; the largest of the trout reaching 
a wei^t of over 100 poimds. 

The Mackinaw Trout b a native of the Great Lakes and of the larger lakes in 
northeastern United States and Canada, ranging from Maine into Alaska. Its 
odd q>ecific name '' Namaycush " b that by which it b known among the Canadian 
Indians, who prize it as a food fish. In the Great Lakes thb trout lives in the 
deep water, spawning in the late fall on the shoab and reefs. The food of thb 
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fish, as given by the several writers who have studied it, consists of aknost any- 
thing which comes the way of the fish. It has a voracious appetite and feeds to 
a considerable extent on small fishes. 

CrisHvomer namaycush was introduced into Twin Lakes about twenty years 
ago with success, some very large specimens having been taken from those lakes 
in the past few years. Juday* states that a nimiber of individuab weighing from 
15 to 20 poimds were caught during the summer of 1903, the fishermen using large 
hooks baited with pieces of suckers. Mr. Irwin Simonson secured for the writer 
the weight and measurements of a laige specimen of this species caught in Twin 
Lakes on Jime i, 1907, by Mr. W. W. Fay of Buena Vista. This fish weired 
2oi pounds and was 39} inches in length; the head measured 8} inches in length, 
greatest drcimiference 21} inches, tail when spread 10} inches. A live minnow 
was used for bait. The Mackinaw Trout has been reported by several fishermen 
as the most abundant large fish now in Twin Lakes and it has been suggested that 
the increase of this fish is correlated with the decrease of the Yellow-finned Trout. 

Order Haplomi 

The Pike-Kke Fishes, including the Mud Minnows, the Pickerel, the 
KilMshes and the Cave Blindfishes 

FamUy POECIUIDAE 
The Killifishes and Top-minnows 

Body somewhat elongate, more or less terete in the anterior half, distinctly 
compressed posteriorly; top of the head usually flattened; mouth terminal and 
broad, lower jaw projecting in many species; scales laige, cycloid; lateral line 
wanting or represented by but a few pores; sexual dimorphism pronounced in most 
species, many being ovoviviparous; size small; colors of tropical species brilliant 
and varied. 

The PoecUiidae are small fishes of the fresh waters of Europe, Asia, Africa 
and the Americas. A few species are marine and many are quite abundant in 
the brackish water of salt-marshes. Because of their small size and ability to live 
in warm and rather impure water they are often very niunerous in small streams 
and ditches. One species, AcarUhophacdus retictdatus (Peters) and several dosely 
related forms, known collectively as '^Barbadoes Millions," have become of con- 
siderable economic importance recently as destroyers of mosquitos in the West 
Indies and South America. These little fishes are able to live in the shallow 
trenches of the sugar plantations and even the ditches in the streets of the small 
towns, feeding upon the mosquito larvae. The "Millions" have proven very 
effective enemies of the young mosquitos, contributing in this way to the control 

'/. V . FUk Com., Vd. XXVI p. 162. IQ06. 
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of malarial fever.^ Several North American Poedliids feed upon the yoimg of 
mosquitos as well as other insects and are of value in reducing the nimibers of 
these pests. 

A single genus, FunduluSf is represented in Colorado. 
Subfamily Fxtndulinae 
Genus FUlfDULUS Lac6pMe 
The Killifishes and Top-minnows 
Pmndnlus Lac^pMe, Hi$t, Nat. Poiss,, Vol V, p. 37> 1803. 

Anal fin of the male not modified to function as an intromittent organ; 
species oviparous; jaws with two or more rows of fine teeth; lower jaw projecting 
beyond the upper; caudal fin rounded. 

This genus includes a great variety of species, some of which are marine. It 
has been broken up by various ichthyologists into nimierous genera and sub- 
genera, but the characters of the several groups of species intergrade to such an 
extent that these separations are possible only with the extreme species. Two 
species of this genus, referable to different subgenera, are known from Colorado, 
these being very abundant in the plains streams of the eastern part of the state. 

a. Dorsal fin of 14 or 15 rays; base of the first ray of the dorsal on or in front of the level of the 
first ray of the anal fin; body crossed by 11 to 21 vertical dusky bars. 

P, {PonHnus) nebrinus Jordan and Gilbert 

aa« Dorsal fin of zo or zi rajrs; base of the first ray of the dorsal behind the level of the first ray 

of the anal; color plain, olivaceous, fins edged with red . P. {ZygonecUs) fioripinnis (Cope) 

Fundiiltts zebrinus Jordan and Gilbert 
Zebra Fish, Zebra Top-minnow (Figs. 44, 45 and 46) 

Punduhu Mebrimu Jordan and Gilbot, "Synopsis," BttU, U.S. Nat. Mus. No. 16, p. 891, 1883 
(after Girard, Hydrargyra iebra Girard, Proc. Acad. Nat. Sci. PkUa., p. 60, 1859, name preoccupied 
in Pwidulus); Jordan, BuU. US. Pish Com., Vol. DC, p. 17, 1889 (pond at Canyon City; Fountain 
Creek at Pueblo); Juday, Univ. Colo. Studies, Vol. n, p. 113, 1903 (Boulder; Longmont); Jxtday, 
BuU. U.S. Pish Com. for 1004, p. 227, 1905 (Boulder; Longmont). 

Pwtduius mtdHfasdatus (Cuvier)— Cope and Yarrow, Wheeler Survey, Vol. V, p. 695, 1875 
(Pueblo), name preoccupied in Pundulus. 

Body rather short and deep, much compressed back of the pectorals, depth 

4.4 to almost 5 in the length to the base of the caudal; head long and depressed, 
3 . 3 to 3 . 8 in the length of the body; top of the head with the skin thickened into 
plate-like structures; snout blimt; eye prominent, its dorsal margin even with the 
top of the head, its diameter 2 or a little more in the interorbital distance, about 

3. 5 in the length of the snout and 5. 5 to 6 or a little more in the head; interorbital 
distance 3. 5 to 3 in the head; nostrils small, dorsal, placed in front of the dorsal 
margin of the eye; mouth terminal and somewhat dorsal, large and broad; upper 

' Bauou. PemphUt Ser. SS, Imperial Dept, Agric, West Indies, igo8. 
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jaw short and included by the projecting lower jaw; angle of the mouth about 
equidistant from the tip of the lower jaw and the anterior margin of the eye; pre- 
maxiHaries protractile; dorsal fin longer than high, inserted in the posterior half 
of the body, slightly in front of the origin of the anal fin, the distance from the 
base of the first ray of the dorsal to the base of the caudal reaching forward to the 
posterior margin of the eye; dorsal rays 14 or 15, occasionally 16; pectorals not 
reaching (fenudes) or barely reaching (males) the ventrals; ventrals barely 
reaching the anal fin; scales small, circular, drculi laige and few, basal radii 8 to 
13, s^ical radii none; lateral line wanting or represented by an occasional pore 
only; scales 58 to 64 along the middle of the side, in i8~3i rows between the dorsal 
and ventral fins; length under 6 inches. 

General color above greenish, shading from dark olive green to silvery white 
below; sides yellowish to bright orange-yellow; a dark mid-dorsal spot jiist in 
front of the dorsal fin; sides crossed by 11 to 21, usually 14 or 15, du^y vertical 
bars which are generally narrower than the light interspaces, and in many indi- 
viduab, particularly females, each alternate bar is lighter and narrower than two 
adjacent to it; under parts of the head yellowish white; dorsal and caudal fins 
more or less dusky; pectoral and ventral fins yellowish white; anal fin yellowish 
to orange-yellow. Hie variation in the niunber of lateral bars b shown by the 
following table, which includes the data from in specimens collected at one 
station on the South Platte River at Julesburg, July 19, 191 2: 

Ban II 12 13 14 IS 16 17 18 19 20 21 

Specimens i 6 16 23 26 15 12 8 a i i 

Percentage 14 21 33 14 10 

In this series 82 per cent of the in individuals had from 13 to 17 bars, the gamut 
of variation being from n to 21 bars. 

This species, as the name Top-minnow impUes, feeds to a considerable extent 
upon surface insects, Entomostraca and floating matter. For such feeding the 
upturned mouth is well adapted. On the other hand, the Zebra Fish is able to 
take small snails, worms, insect larvae and diatoms, especially when placed under 
conditions which limit the supply of surface food. The stomachs of specimens 
collected at Julesburg in July from the South Platte River, then almost dry, were 
filled with masses of diatoms, the sandy pools in which P. zebrinus had taken 
refuge as the river receded containing at that time large qiiantities of brown 
diatomaceous slime and few if any surface insects. The data concerning the 
stomach contents of seventeen specimens are given below: 

South PlaUe River, Julesburg, July 19, igia. Sandy pools. 
70 mm., brown diatomaceous slime, 100 per cent. 
SonmL, " " " ,75 per cent. Not full. 

65 mm., " " ** t 95 per cent; Entomostraca 5 per cent. 

80 mm., " " " , 100 per cent. 
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45 mm., brown dUtomaceous slime, 60 per cent. Not full. 

50 mm., " " " , 80 per cent; one small gastropod. 

60 mm., " " " , 100 per cent. 

47 mm., '* ** " > 90 per cent; two Dytisdd beetles. 

SmaU weedy stream near Republican Smr, Wray, October 35, 19x2. 

70 mm., Entomostraca, 60 per cent; gastropods, 40 per cent 

75 mm., " , 80 per cent. Not full 

60 mm., " , 10 per cent; vegetable debris, 90 per cent. 

50 mm., " . 75 per cent; 4 small gastropods and a few diatoms. 

Boulder Creek, 6 miles from Boulder, July 52, 1912. Rapid stream with gravel bottom and shore 
vegetation. 

85 mm., Chironomid larvae, 100 per cent. 

75 mm., '* ** , zo per cent; Entomostraca, 50 per cent. Not full. 

80mm., " " , 5 percent; small gastropods, 15 percent; two small annelids. 

65 mm., Entomostraca, 10 per cent; diatoms, 20 per cent. Not fulL 

80 mm., *' > 5 per cent; ** t 5 per cent; two Dytisdd beetles. 

This species ranges from South Dakota to Mexico in the western tributaries of 
the Mississippi. It is a species of the shallow streams of the plains, coming up 
to but not entering the true foothill streams. F, zebrinus is known locally as 
'< Dogfish" in eastern Colorado. 

Colorado ■p^rimem — UmwersUy Museum: Boulder Creek, Boulder, October, 1903 (65 
specimens, 40-80 mm.), C. Juday and J. Henderson, No. 37; St. Vrain Creek, Longmont, October 
I7> 1903 (2 specimens, loo-iio mm.), C. Juday and D. W. Spangler, No. 38; South Platte River, 
Sterling, June 10, 1910 (4 specimens, 70-90 mm.), H. G. Smith, No. 389; Boulder Creek 6 miles 
east of Boulder, July 25, 1912 (12 specimens, 55-80 mm.), M. M. Ellis, No. 390; South Platte 
River near Denver, spring 19x2 (2 specimens, 70-80 mm.), F. A. Rddel, No. 391; South Platte 
River, Julesburg, July 19, 1912 (769 specimens, 21-zoo mm.,) J. Henderson and M. M. Ellis, No. 
392; Lodg^>ole Creek near Ovid, July 20, 19x2 (72 specimens, 20-90 mm.), J. Henderson and M. 
M. EUis, No. 393; Republican River, Wray, October 26, X912 (153 specimens, 35-70 mm.), A. G. 
Vestal and M. M. EUis, No. 394; Colorado State Historical and Natural History Museum: Summitt 
Lake near Denver, August 11, 1900 (75 nmi.), W. C. Ferril; South Platte River below Denver, 
May 26, 1901 (6 specimens, 40-85 nmi.), C. F. Leach; Arkansas River, Holly, May 24, X907 (11 
specimens, 25-75 mm.), H. G. Smith; Colorado College Museum: East Bijou Creek, Elbert County, 
E. R. Warren; Ft. CoUins, E. R. Warren; State Teachers* College Museum: Greeley, A. E. Beardsley. 

Fundttltts floripinnis (Cope) 
Little Red Fin, Little Green Top-minnow (Fig. 47) 

HaplocJttlusfioripimUs Cope, Wheeler's Survey, Vol. V, p. 695* 1875 (Cherry Creek, Arkansas 
River> and South Platte River at Denver). 

PunduUs flonpinnis (Cope)— Juday, Univ. Colo. Studies, Vol. II, p. 113, 1903 (Boulder; 
Longmont); Judat, Bull. U.S. Pish Com. for JQ04, p. 227, X905 (Boulder, Longmont). 

Zygonectes Jloripimtis (0>pe)— Jordan, Bull. US. Pish Com., Vol. DC, p. 8, 1889 (Denver). 

Body short and heavy, rather compressed back of the pectorab, distinctly so 
in the caudal r^on; depth 4.3 to 5 in the length to base of the caudal; head 
depressed, quadrate In cross-section, top quite flat; length of the head 3 . 7 to 4 in 

* Cheny Creek ii a tributary of the South Platte and not oC the Aikanui River. 
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the length of the body; eye laige and prominent, situated a little nearer the tip 
of the snout than to the posterior margin of the operculiun, rather high on the side 
of the head; dorsal margin of the eye on a levd with or slightly above the flat 
portion of the top of the head; diameter of the eye 3. 5 to 4 in the head, i . 5 to 
3 in the interorbital distance, and i to i . 3 in the snout; nostrils very small, dorsal, 
on a level with the anterior margin of the e3re; mouth terminal and horizontal; 
upper jaw small, included by the large, projecting lower jaw; premaxillaries 
protractile; angle of the mouth about midway between the tip of the lower jaw 
and the center of the eye; dorsal fin small, low, its longest ray being almost equal 
to the base of the fin in length, inserted well back in the posterior half of the body; 
base of the first ray of the dorsal almost on a level with the first ray of the anal 
fin (females) or distinctly posterior to the first ray of the anal (males) ; dorsal rays 
usually 10, often 9 or 1 1 ; pectorals small, not reaching the ventrals; ventrals very 
small, just reaching the anal opening (females) or the first anal rays (males); 
anal fin as large (females) or larger than (males) the dorsal fin; anal rays 12 or 
13; caudal fin large, fan-shaped and not forked, its greatest width equal to or 
slightly less than that of the body; scales rather large, 28 to 33 along the middle 
of the side, 10 to 13 rows from the dorsal fin to the ventral; lateral line wanting; 
scales roughly circular, drculi large, basal radii 10 to 15. 

General color greenish gray to olivaceous, darker dorsally, shading into white 
or cream color below and having a narrow but distinct dark mid-dorsal band; 
fins hyaline, dorsal greenish; pectorab, ventrals and e^>ecially the anal yellow, 
broadly edged with cherry-red to crimson; scales outlined with yellowish brown. 

This little fish is a true top-minnow and may often be observed swimming just 
imder the surface. Individuals kept in an aquariimi at the University were found 
to q^end most of the time at the surface with the tip of the snout just breaking the 
surface film. In this position they remained absolutely quiet for many minutes 
at a time or moved slowly back and forth across the tank. There was no evidence 
that this species swims in pairs as the name Zygonecks implies. The position of 
the fish at the surface was the same in light and dark, as they were always found 
at the surface late in the night as well as in the middle of the day. When dis- 
turbed or at night when the room was suddenly illuminated they inmiediately 
darted to the bottom, resting on the floor of the tank in the more shaded portions. 

The data concerning the stomach contents of twelve specimens of this species 
show both surface forms and bottom forms to be included in the food of 
P, floripinnis. 

South PlaUe River, Juksburg, July 19, 191a. 

so mm., four gastropods, largest 4 mm., Physa sp., 100 per cent. (Probably the young of 

Pkysaforskeyi Lea, det. J. Henderson.) 
45 mm., nine caddis-fly larvae, 75 pct cent; two large adult musdd diptera, one being a 

housefly; three dadocerans. 
55 mm., caddis-fly larvae, zoo per cent. 
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55 mm., Dytisdd beetles, 100 per cent. 

60 mm., Dytifldd beetles, 50 per cent; adult diptera, 50 per cent. 
45 nim., caddis-fly larvae, 35 per cent. Not full 

50 mm., ostraoods and dadocerans, 50 per cent; one large caddis-fly larva. 
45 nun., Entomostraca, 35 per cent. Not full. 
50 mm., caddis-fly larvae, 50 per cent. Not full. 
50 mm., caddis-fly larvae, 100 per cent. 
Si, Vram Creek, Longmont, October 17, 1903. 

90 mm., twelve gastropods, Pkysa sp., 100 per cent. 
60 mm., seven gastropods, Pkysa sp., 100 per cent. 

Two females, 45 and 50 mm., from Julesburg, July 19, contained large and 
well-formed eggs. 

Pundulus flaripitmis is a species of the western portion of the South Platte 
drainage. It has been wrongly ascribed to the Arkansas drainage since the collec- 
tion from which it was described was stated by Cope (/.£.) to be from Cherry 
Creek near Denver, a tributary of the Arkansas; this creek flows, however, into 
the South Platte, not into the Arkansas. 

Colorado vg^Hmnna.—UnieersUy museum: St. Vrain Creek, Longmont. October 17, 1903 
(10 specimens, 55-95 nmi.), C. Juday and D. W. Spangler, No. 32; Boulder Creek, Boulder, 
October, 1903 (15 specimens, 30-50 mm.), C. Juday and J. Henderson, No. 40; Boulder Creek 
6 miles east of Boulder, July 35, 19x2 (7 specimens, 35-55 nmi.), M. M. Ellis, No. 395; South 
Platte River, Julesburg, July 19, 191 2 (53 specimens, 30-50 mm.), J. Henderson and M. M. Ellis, 
No. 396; Lodgepok Creek near Ovid, July 20, 1912 (20 specimens, 50-60 mm.), J. Henderson and 
M. M. Ellis, No. 397; Boulder Lake near Boulder, October x6, 19x3 (20 specimens, 30-50 mm.), 
M.M.Ellis. 

Order Apodes 

The Eels and Eel-like Fishes 

Shoulder girdle free from the skull; ventral fins wanting; premaxillaries 
reduced or wanting; caudal fin confluent with the dorsal and anal fins; body 
elongate, snake-like. 

Family ANGUILUDAE 
True Eds or Scaly Eels 

Scales very small, imbedded in the skin; teeth in bands on both jaws and 
vomer. 

The true eels are quite abimdant in both fresh and brackish water, being foimd 
in tropical and temperate regions throughout the world except on the Pacific slope 
of the Americas and the islands of the Pacific. They are quite abundant in the 
West Indies. The family is represented by but a few living species all referable 
to the genus AnguiUa. The several species are quite dosely related and may 
perhi^ be reduced to three, one foimd in Europe, one in Asia and one in the 
Americas. 
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Genus ANGUILLA Shaw 
The Eels 
AnguiUa Shaw, General ZoOiogy, Vol. IV, p. 15. 1804. 

Angnilla chxy^ypa Rafinesque 
American Eel, Fresh-Water Eel 

AnguiUa ckrysypa Rafinesque, Amer, MofMy Magiume, p. lao, 18x7 (Lake George; Hudson 
River; Lake Champlain). 

AnguiUa tyranmu Girard, US, and Mexican Boundary Survey, p. 75, 1859 (Rio Grande). 

Body terete, much elongate; head long and conical; teeth small, in irregular 
bands on both jaws and vomer; lower jaw slightly longer than the upper; size 
large, length up to 5 feet. 

General color greenish or bluish brown above, shading to golden yellow or 
yellowish white below. 

The American eel is a carnivorous fish, feeding upon small crustaceans and 
upon other fishes. Because of the excellent flavor and the firm consistency of its 
flesh it is a food fish of considerable importance in the localities where it is abun- 
dant. From a zodlogical standpoint its life-cycle is of particular interest. The 
adult eels migrate in the fall from fresh water to the ocean. At this time they 
become quite silvery in color and the eyes of the male greatly enlaiged. These 
eels retiuning to the salt water migrate in large schools traveling largely at night. 
After they reach salt water their course has not been followed and their spawning 
habits are not known. Smith' states that the eggs are laid in water at least 1,000 
meters deep and that the eggs hatch at or near the surface where they are carried 
by their natural buo3rancy. From the nmnber of inmiature eggs taken from adult 
eeb in fresh water it seems probable that each female produces over 10,000,000 
eggs. The young eeb do not have the same form as the adult, being thin trans- 
parent <tnima1ft living near the surface of the ocean well out from land. The larval 
eeb known as Leptocephali spend the first year of their life in salt water, growing 
to a size of about three inches. After thb stage b reached they gradually assume 
the adult shape, enter fresh water and migrate upstream. Ooly the female eeb 
continue thb migration to the headwater streams, the males remaining in the lower 
waters. Large schoob of the young eeb known as "Elvers'' are regularly seen at 
the mouth of the Mississippi and other large rivers. 

The adult ed has been reported from the Rio Grande in Colorado frequently 
but unfortimately no specimens collected in thb state have been preserved to 
verify the records. In July, 191 2, while in Alamosa, Colorado, the writer was told 
by several fishermen that the ed b occasionally taken from the Rio Grande at 
that point and that it b more abimdant farther south near the New Mexico line. 
Professor A. E. Beardsley of the State Teachers' College also states that on several 
occasions he was assured by local fishermen that there were eeb in the Rio Grande 

> National Geographic Maguaine, Vol. XXIV, p. 1x43, 19x3. 
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at Alamosa. That eds are found in the Rio Grande farther south is well estab- 
lished, Girard in 1859 having described specimens from the Rio Grande imder the 
name of AnguUla tyrannus. Judging from the remarkable distances covered by 
migrating eeb, the distance from the Colorado line to the mouth of the Rio Grande 
would not be a prohibiting factor to the presence of the ed in Colorado. It is 
here provisionally included in the Colorado fauna. 

Superorder ACANTHOPTERI 
The Spiny-rayed Fishes 

Vertebrae just back of the head not fused; no Weberian apparatus; air 
bladder in adults usually without a ductus pneunuUicus; scales usually ctenoid; 
dorsal, pectorab, ventrals and usually the anal with spines. 

The majority of the species of this group, which is quite heterogeneous, are 
marine fishes. Several large families of Spiny-rayed fishes are, however, com- 
posed entirely of fresh-water species, notably the Cichlidae in Central and South 
America and the Centrarchidae in North America. Although represented in the 
Mississippi Valley by a large number of species, but four of this order occur native 
in Colorado and all of these east of the Continental Divide. 

Order PERCoroEA 

Family CENTRARCBIDAE 

The Sunfishes and Bass 

Spinous and soft dorsab united; scales ctenoid or cycloid; body strongly 
compressed and usually quite deep; mouth laige, premaxiHaries protractile; 
spedes carnivorous, known only from the fresh waters of North America. 

The q)edes of this family form one of the most characteristic groups of North 
American fishes, particularly since they are foimd only in the fresh waters of this 
continent. Practically all of the thirty or more spedes of Centrarchids are caught 
for food and two, the Black Bass, are among the best known of game fishes. A 
sin^e spedes of this family occurs native in Colorado, Lcpomis cyaneUus Rafin- 
esque, the Green Sunfish. Six other spedes have been introduced into the state 
with varying success. 

Key to Centra&chidae Represented in Colokado 
a. Anal spmes V to VIII; dorsal fin not twice the length of the anal fin. 

b. Dorsal spines V to VIII; anal and dorsal fins of about the same size and shape; eye blue 

or brown Pomoxis Rafinesque, p. 94 

bb. Dorsal spines XI to XIII; dorsal fin longer than the anal; length of the base of the anal 
about 1 .3 in the length of the base of the dorsal; eye red . AmblopHtes Rafinesque, p. 95 
aa« Anal spines HI; dorsal fin about twice the length of the anal fin. 

c Docsal fin without a deep indentation at the junction of the spinous and soft 'portions; 
spinous dorsal broadly joined to the soft dorsal; scales ctenoid or (ydoid. 
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d. Tongue with teeth CkaenobryUms GOl, p. 96 

dd. Tongue without teeth Lepomis Rafinesque, p. 97 

cc. Dorsal with a deep indentation at the junction of the spinous and soft portions; spinous 
dorsal narrowly jcHned to the soft dorsal; scales ctenoid. Microplerus Lac6pMe, p. 99 

Subfamily CENTRARCHmAE 
Genus POMOXIS Rafinesque 
The Crappies 
Pomoxis Rafinesque, Amer. Monthly Maganne, p. 41, 1818. 

Body strongly compressed and quite deep; anal and dorsal fins of about the 
same size and shape; operculum emarginate posteriorly. A genus of two closely 
related species, both of which have been introduced into Colorado.' 

Pomoxis sparoides (Lac6pdde) 
Calico Bass, Strawberry Bass, Black Crapfie (Fig. 48) 

Labrus sparoides Lao6pMe, Hist. Nat. Poiss., Vol. m, p. 517, 1802 (South Carolina). 
Pomoxis sparoides (Lao6pMe)^UDAY, Univ. Colo. Studies, Vol. II, p. 113, 1903 (Boulder). 

Body much compressed, depth 2. 25 to 2. 5 in the length to the base of the 
caudal fin; back elevated; dorsal profile sloping abruptly upward from the supra- 
ocular region to the base of the first dorsal spine, forward from the supraocular 
region more gradually to the tip of the snout, giving the snout an upturned 
appearance; ventral profile arcuate, the lowest point at the base of the first anal 
ray; top of the head somewhat flattened, with a distinct elevation between the 
eyes; length of the head 3 or a little less in the length of the body; eye very large, 
its center nearer to the tip of the snout than to the posterior margin of the oper- 
culiun, situated in the upper half of the head; diameter of the eye greater than the 
length of the snout, about 4 in the head, a little less than i in the interorbital 
distance; posterior margin of the operculiun emarginate; nostrils small, lateral, 
longer than wide, on a level with and slightly in front of the dorsal margin of the 
eye; mouth large, terminal; lower jaw very slightly if at all longer than the upper; 
angle of the mouth when closed barely or not quite reaching the level of the 
anterior margin of the eye; premaxillaries protractile; spinous and soft dorsals 
broadly united, of VU rarely VUI spines, and 15 or 16 rays, the last of which is 
usually rudimentary; length of the base of the combined dorsals equalling or 
slightly exceeding the length of the base of the anal fin; pectorab short, i . 5 to 
1.75 in the head; ventraJs shorter than the pectorals, base of the spine of the 
ventral on a level with the last ray of the pectoral, and separated from it by a 
little less than the diameter of the eye; anal fin long, of VI spines and 17 or 18 

'After this report had been set up word wu received of the successful introductbn of the White 
Cnppie, Pomoxis a/timdaris Rafinesque, into lakes near Denver and Pueblo during igia. This fish, which is 
much like the Calico Bass in form and coloration, may be lecognixed by the V or usually VI dorsal spines and 
the vertical, dusky green ban on the sides which take the place of the dark green blotches on the sides of 
the Calico Bass. These vertical bars are usually about 10 in number. Since this record was received so 
late the White Crappie is not included in the tables and discussion of distribution. 
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rays, base of the first spine but slightly behind the level of the base of the first 
dorsal ^ine; caudal peduncle broad, exceeding in width the diameter of the eye; 
caudal fin long and broad, not deeply forked; scales large, closely imbricated, 
feebly ctenoid in the anterior portion of the body, strongly ctenoid in the posterior; 
scales 6, 38-44, 12. 

Color light green, darker dorsally; body, caudal, dorsal and anal fins, and to 
some extent the posterior portion of the head, mottled with dark-green blotches, each 
blotch covering parts of from two to five scales; ventral parts light green to almost 
white, somewhat washed with dusky; ventrab and pectorab dusky; outer portion 
of the caudal and soft dorsal fins with numerous white spots; top of the head dark 
dive-green; eye bright blue, with a purplish reflection. 

The Calico Bass ranges from southern Canada south into Alabama and west 
into Kansas. It is regarded as a valuable food fish throughout its range, taking 
almost any sort of bait and having some of the fighting qualities of the true bass. 
Pomoxis sparoides reaches a weight of a poimd and thrives well in small ponds, two 
points favoring its introduction into ponds and reservoirs. It has been introduced 
into Colorado through several independent plantings, one of the first of these being 
made in 1894 when twenty-five adults and yearlings were placed in Stevens Lake 
near Cuchara.' 

Colorado tpeclnieiis. — UmversUy Museum: Boulder Lake near Boulder, October 29, 1903 
(8 spedmens, 160-170 mm.)* C. Juday and J. Henderson, No. 42. 

Subfamily Lepominae 
Genus AMBLOPLITBS Rafinesque 
The Rock Bass 
AmblopliUs Rafinesque, Ichtkyologia Okiensis, p. 37, 1820. 

Body oval in outline, moderately compressed and moderately deep; oper- 
culum emarginate; tongue with teeth; anal spines VI. A genus of a single species. 

Ambloplites mpestris (Rafinesque) 
Rock Bass 
Bodiamu rupestris Rafinesque, Amer. Monthly Magawine, p. 120, 1817 (lakes of New York, 
Vermont, and Canada). 

Body oval in outline, deep and moderately compressed; depth 2 to 2. 5 in the 
length to the base of the caudal fin; greatest width of the body about 2 in the 
greatest depth; head 2. 5 to 2.8 in the length; eye very large and prominent, its 
diameter 3 . 5 to 4 in the length of the head ; interorbital distance about 4 in the 
head; operculimi emarginate posteriorly; mouth large, lower jaw slightly longer 
than the upper; angle of the mouth when closed reaching the level of the center 
of the eye; dorsal fin long, of XI or XII spines and 10 to 12 rays, base of the first 
spine of the dorsal almost on a level with the spines of the ventrals; pectorals 

* Kept. us. Cam. Fisheries far 1894-95* P- 7i. i8g6. 
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short, about i . 75 in the head; ventrals ahnost as long as the pectorab; anal long, 
but shorter than the dorsal; length of the base of the anal i . 3 to i . 5 in the length 
of the base of the dorsal; anal spines VI, rays 10 or 11; scales ctenoid, 6 to 8, 
38-45, II or 12. 

General color olivaceous, body above the lateral line irregularly mottled with 
dark green; central portions of most of the scales with dark green or dusky spots 
which collectively form interrupted longitudinal stripes coincident with the scale 
rows; top of the head dark green; eye deep crimson; fins greenish, more or less 
speckled. Size moderately large, reaching 12 inches, weight up to about 2 pounds. 

The Rock Bass ranges from Vermont south into Louisiana and west through 
the Great Lakes r^on into the Des Moines and Kansas rivers. The first pub- 
lished record found concerning the introduction of this species into Colorado shows 
that one hundred adults and yearlings were sent to Colorado by the United States 
Fish Commission in 1895.' 

Genus CHAENOBRTTTUS GiU 
The Warmouth Bass 
CkaenchryUus Gill, Amer. Journ. Sci. Arts, p. 92, 1864. 

Much the same as AmbloplUes; tongue with teeth; operculum not emarginate 
but broadly roimded posteriorly; anal spines m. Thb genus includes the sin^e 
species, C. gtdosus (Cuvier and Valenciennes). 

Chaenobryttus gulosus (Cuvier and Valenciennes) 
WARMOxriH OR Warmouth Bass 

PomoHs gulosus Cuvier and Valenciennes, Hist. Nat. Poiss., Vol. m, p. 498, 1829 (Lake 
Pontchartrain). 

Body somewhat elongate, moderately compressed; depth 2 to 2.5 in the 
length to the base of the caudal fin; greatest width of the body about 2.3 in the 
greatest depth; head large, 2. 25 to 2. 75 in the length; eye large, its diameter 4 
to 4. 75 in the length of the head; angle of the mouth when closed reaching to the 
level of the center of the eye; dorsal fin long, of X or XI spines and 9 to 11 rays; 
anal short, length of its base 2 or a little more in the length of the base of the dorsal 
of ni spines and 8 to 10 rays; scales feebly ctenoid, 6 or 7, 38-45, 11 or 12. 

General color olivaceous with a slightly brassy luster, sides mottled or indis- 
tinctly barred with bluish or dusky; ventral parts yellowish or greenish; four or 
five bluish or reddish streaks radiating from the posterior margin of the eye 
across the operculum; top of the head dusky gray; eye crimson to purplish; fins 
gra3rish to olivaceous, more or less irregularly speckled. Length 6 to 10 inches. 

The Warmouth Bass ranges from the Great Lakes south through the 
Mississippi Valley into Texas and Florida, inhabiting ponds with mud bottcnns 

»RfPl. U.S. Com. Fishmesfor iSgs-^, p. 73» 1897. 
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and the more sluggish streams. It is quite abundant in the southern states. This 
spedes was introduced into Colorado in 1894 by the United States Fish 
Conmiission.' 

Genus LEPOmS Rafinesque 
The Sunfishes 
Lepomis Rafinesque, J own. de Physique, p. 402, 1819. 

Body strongly compressed and quite deep, slightly if at all ebngate; posterior 
margin of the operculum with a convex bony or membranous flap; tongue without 
teeth; anal^inesHI. 

This genus includes about 15 of the species of sunflsh found in the Mississippi 
Valley, and is represented in Colorado by one native and one introduced species. 

a. Posterior portion of the operculum bearing the black opercular spot stiff and bony; posterior 
margin of the oi>ercu]ar spot not reaching the free margin of the operculum, but separated from 
it by one-fourth the diameter of the eye or more; cheeks with many bright blue markings. 

L. cyaneUus Rafinesque 

aa« Posterior portion of the operculum bearing the black opercular spot thin and flexible; opercular 

spot large, its posterior margin cmnddent with the free margin of the opercular flap; a bright 

blue strii>e extending from the ventral margin of the opercular spot along the operculum and 

lower jaw to the angle of the mouth or beyond L. paUidus (Mitchill) 

Lepomis cyaneUus Rafinesque 
Green Sunfish, Blue-spotted Sunvish (Fig. 63) 

Lepomis cyaneUus Rafinesque, Joum. de Physique, p. 420, 1820 (Ohio River); Jordan, Bull. 
17-S. Fish Com., Vol. DC, p. ij, 1889 (Canyon City). 

ApomoUs cyaneUus (Rafinesque) — Jxtday, Univ. Colo. Studies, Vol. II, p. 113, 1903 
(Longmont); Jxtday, BuU. US. Fish Com. for 1Q04, p. 227, 1905 (Longmont). 

Body somewhat elongate, quite deep and much compressed; back slightly 
elevated; depth about 2. 5 in the length to the base of the caudal; head large, its 
length 3 or a little more in the length of the body; eye moderately large, its center 
nearer to the tip of the snout than to the posterior margin of the operculum, 
situated in the upper half of the head; diameter of the eye 4 to 5 in the head, 
about 1.25 in the snout, and 1.5 or a little more in the interorbital distance; 
posterior margin of the operculimi broadly rounded; opercular flap under the 
blue-black opercular spot, bony; mouth large and terminal, lower jaw very slightly 
longer than the upper, angle of the mouth when closed not reaching the level of 
the anterior margin of the eye; spinous and soft dorsab broadly imited, the spinous 
bdng the lower, the height of its k>ngest spine about one-half the length of the 
longest ray of the soft dorsal; dorsal of IX or X spines and 10 to 12, usually 11, 
rays; pectorals small, i . 75 to 2 in the head; ventrab equal to or a little less than 
the pectorab, base of the spine of the ventral on the level with or slightly behind 
the last pectoral ray and separated from it by a distance equal to i . 5 the diameter 

> Rept. us. Com. Fisheries for 1894-95* P« 53* 1896. 
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of the eye; anal fin short, of m spines and 9 or 10 rays, the length of its base a 
or more in the length of the base of the entire dorsal, base of the first anal s^nt 
on a level with the last dorsal spine or the first ray of the soft dorsal; caudal fin 
broadly rounded and not deeply forked; caudal peduncle broad, abruptly joined 
to the body just posterior to the dorsal and anal fins; scales large, cycloid, 7 or 8, 
45-50, 15 to 17, lateral line prominent, strongly arched dorsally. 

General color yellowish green, darker dorsally, shading into almost orange 
below; top of the head, premaxillaries and preopercula dark bluish green, the 
opercular region marbled with numerous bright, light-blue blotches; lower jaw 
lighter; opercular spot dark blue to almost black, its posterior margin and that of 
the operculum edged with white; body sometimes crossed by 8 or more incom- 
plete, dusky, vertical bars (these bars quite prominent in young specimens and 
usually very indistinct in adults) ; dorsal, anal and caudal fins greemsh yellow to 
olivaceous; the last three to five ra3rs of the dorsal and anal fins, crossed near their 
bases by broad, ill-defined black spots, that of the dorsal often' quite sufihise; 
scales rather distinctly outlined with dusky, giving the body a reticulated pattern; 
eye bright red; length up to 7 inches. 

The Green Sunfish ranges from the Great Lakes region south throughout the 
Mississippi Valley and west into Colorado. 

Cotorado tpednieiit. — UniversUy Museum: St. Vnin Creek, Longmont, October 17, 1903 
(2 specimens, 75-^ mm.), C. Juday and D. W. Spangler, No. 19; Boulder Lake, Boulder, May 
29, 191 2 (9 specimens, 100-125 mm.), Philip Miller, No. 398; Lodgepole Creek near Ovid, July 
20, 1912 (3 specimens, 60-110 mm.), J. Henderson and M. M. Ellis, No. 399; Rio Grande, Alamosa, 
July 27, 1912 (6 specimens, 50-65 mm.), M. M. Ellis, No. 400; Republican River, Wray, October 
26, 191 2 (69 specimens, 30-150 mm.), A. G. Vestal and M. M. Ellis, No. 401; Sells Lake, Canyon 
City, November 8, 1913 (4 specimens, 30-35 mm.), A. G. Vestal and M. M. EUis, No. 402; State 
HiUorical and Natural Nistary Museum: Wray, from mouth of a large watersnake, June 16, 1900 
(100 mm.), H. G. Smith; Sloans Lake, near Denver, August 4 and 7, 1900 (2 specimens, 100-115 
mm.), W. C. Ferril; Sununit Lake near Denver, August 11, 1901 (80 mm.), W. C. Ferril. Reported 
common near Gred^r, A. £. Beardsley. 

Lepomis pallidus (Mitchill) 
Bream; Blue Gill (Fig. 49) 

Labrus paUidus MitchiU, Tran, LiU. PkU, Soc. N.Y., p. 407, 1815 (New York). 

Body short, much compressed and quite deep, broadly oval in outline; depth 
2 to 2.3 in the length to the base of the caudal; head large and short, 3 to 3. 5 in 
the length; eye moderately large, its diameter about equal to the length of the 
snout, and 3. 5 to 4 in the length of the head; posterior margin of the operculum 
broadly rotmded, the portion bearing the black opercular spot thin and flexible; 
angle of the mouth when closed not reaching the level of the anterior margin of 
the eye; dorsal fin long, of X ^ines and 10 to 13 rajrs; pectorab about equal to 
the head in length; ventrals shorter than the pectorals, inserted on or sli^^tly 
behind the level of the last rays of the pectorab; anal short, length of its base 2 
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or a little more id the length of the base of the dorsal, anal spines HI, rays lo to 
12; scales cycloid, 6 or 7, 38-50, 13 to 15. 

General color greenish yellow, shading to orange or orange red below; sides 
of the body crossed by 5 to 7 indistinct, greenish, vertical bars, each bar from 3 
to 5 series of scales in width; t(^ and sides of the head greenish to olivaceous, a 
broad, light-blue, crescent-shaped band extending from the mouth along the lower 
jaw and ventral margin of the opercular structures to the base of the opercular 
spot; (^>ercular spot black; fins dusky or bluish; last five or six rays of the soft 
dorsal crossed by a row of dark-brown or black spots. 

Tlie Blue Gill is one of the largest of the sunfishes, reaching the length of 
18 inches and the weight of a potmd or more. As a food fish it is much prized, 
the flesh bdng excellent. Lepomis paUidus is found in schools in the deep water 
just beyond the weeds along shore. It may be caught with almost any sort of 
bait, a fact which makes this fish quite popular with the amateur fisherman. 
Tlie enormous number of this species taken in some parts of the Mississippi 
Valley is well shown by the statement of Forbes' that between 200,000 and 
500,000 poimds of Blue Gills are caught annually in Illinois. 

Lepomis paUidus ranges from the Atlantic Coast throughout the Mississippi 
and Great Lakes region south and west into Texas. It b here considered as an 
introduced fish in Colorado, since the writer was told by several citizens of Alamosa 
of its introduction into the Rio Grande and neighboring lakes. A species of 
sunfish described by Baird and Girard' from Brownsville, Texas, as Pamotis 
speciosus but now considered as a synonym of Lepomis paUidus is foimd in the 
lower Rio Grande. 

Colorado tpeclnieii. — UniversUy Museum: Rio Grande, Alamosa, July 27, 191 a (lao 
mm.)» M. M. Ellis, No. 403; introduced by U.S. Fiah Com. in ponds at Pueblo, 191 3. 

Subfamily MiCROPTEfiiNAE 
Genus MICROPTERUS Lac6pdde 
Tlie Black Bass 
Micropknu Lac^pMe, Hist. Nat. Poiss., Vol IV, p. 325, 1802. 

Dorsal fin deeply emarginate at the junction of the spinous and soft portions; 
anal spines III; body rather elongate in large specimens. The two species of this 
genus are the well-known Black Bass. Both the Laige-mouthed and Small- 
mouthed Black Bass have been introduced into Colorado. 

a. Angle of the mouth reaching the level of the eye or b^ond; sides with a lateral stripe or a 
series of blotches along the lateral line; scales on the cheeks in about 10 rows. 

M. salmoides (Lac^pMe) 

Aa« Angle of the mouth barely if at all reaching the level of the anterior margin of the eye; no 

lateral 8trii>e; scales on the cheeks in 17 rows. M. dolomieu Lac6pMe 

■ FoEBis AMD RiCHAKDSON, Icktkyolocf of Illinois , p. 259* 1909. 
•Proc. Acad. Nat. Sci. Phita., p. 24, i8s4- 
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Microptenis salmoides (Lac6pdde) 
Large-mottthed Black Bass (Fig. 50) 

Labrus salmoides Lao^pMe, Hist. Nat. Paiss., p. 716, 1802 (South Caioliiui). 
Microplerus salmoides (Lac^pMe) — ^Jxtday, Univ. Colo. Studies, Vol. II, p. 113, 1903 (Boulder); 
JxTDAY, BitU. U.S. Pish Com., for IQ04, p. 227, 1905 (Cubertson's Lake). 

Body somewhat elongate, distinctly compressed; depth 3 to 3.35 in the 
length to the base of the caudal; head large, compressed; interorbital region 
somewhat flattened; length of the head 3 or a little less in the length of the body; 
eye large, situated in the anterior half of the head near the latero-dorsal margin, 
diameter of the eye 5 (young) to 7.5 in the length of the head; nostril small, 
situated slightly in front of the eye and a little below the dorsal margin of the eye; 
mouth quite large, terminal, angle of the mouth when dosed reaching to behind 
the level of the anterior margin of the eye (adults), posterior margin of the maxil- 
lary reaching to behind the orbit, lower jaw slightly exceeding the upper; pre- 
maxillaries protractile; spinous and soft dorsab narrowly imited at the base, the 
soft dorsal the longer and the higher, the length of its longest ray almost twice 
that of the longest spine; spines X, sometimes XI, rays 12 or 13; pectorab short, 
their length about 3 in the head; ventrals equal to or a little longer than the pec- 
torals; base of the ventrals almost or quite confluent, inserted on a level with the 
last pectoral rays; anal short, length of its base less than that of the spinous dorsal, 
anal spines III, rays 10 or 11 ; caudal peduncle broad, somewhat upturned, caudal 
laige, limate; scales rather large, cycloid or feebly ctenoid in the suprapectoral 
region, becoming strongly ctenoid on the caudal pedimde, 7 or 8, 60-70, 14 to 17; 
lateral line prominent, distinctly arched dorsally. 

General color olive-green, darker dorsally, sides with a metallic to almost 
brassy luster; a very strong, dark-green to almost black lateral stripe, covering 
portions of three or four rows of scales, extending from the base of the caudal to 
the posterior margin of the eye, continuous and very distinct in young specimens, 
more or less interrupted in medium-sized individuals and often quite indistinct in 
large adults; nimderous small dusky spots, covering portions of two or three scales 
in the region bdow the lateral stripe, these spots being especially prominent in 
young and medium-sized individuals; under parts whitish, more or less overlaid 
with dusky in the region below the operculum and bdow the lower jaw; a light 
stripe crossing the operculum from the tip of the snout toward the pectoral; 
maxillary dark green above, lighter bdow; top of the head very dark green; eye 
dark red; caudal, pectorab and ventrab dusky, dorsal hyaline, spines and ra3rs 
outlined with dusky, anal yellowish with dusky spines and rays. 

The Large-mouthed Black Bass, or Straw Bass as it b often called, b one of 
the most important of the North American game fishes. From the standpoint of 
the angler it ranks among the very best while its general hardiness and rapid growth 
make it suitable for many types of inland waters. Besides it b a fish of good size. 
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reaching in the southern states, where the waters are warm and the food supply 
optimum the year roimd, a weight of 14 to 20 pounds,' the maximum size in the 
northern states being about 8 poimds. 

Micropterus salmoides ranges from the Red River of the North south into 
Florida and Mexico, inhabiting small lakes, the quieter portions of rivers and even 
the brackish waters of some salt marshes. It has been introduced with great 
success into the western states and into several European countries. The food of 
the adult bass consists of small fishes, including the young of its own species, 
crayfish, frogs, tadpoles and insects. Since the food taken is foimd most abun- 
dantly in weeds near shore, the deep water at the edge of this zone is the favorite 
habitat of the black bass, from which it may charge its prey. This fact is well 
known to anglers who find the deep water at the edge of the weeds a choice place 
for casting. ^ 

The Laige-mouthed Black Bass spawns in spring, from April into June, la3dng 
its eggs preferably on a sandy bottom. The eggs are guarded with great zeal by 
the adult fish. The n^idity with which the young bass develop and the high rate 
of reproduction may be shown by the statement of Jordan and Evermann' that 
from seven or eight females the United States Fish Conunission raised over 
37,000 young bass 3 to 4 inches in length and 500 weighing about one-half pound 
in a single season, the fishes being kept in captivity from Jime until Thanksgiving. 
It is an introduced fish in Colorado. 

Colorado tpedmeni. — UniversUy Museum: Boulder Lake, Boulder, October 29, 1903 (10 
spedmens, 55-140 mm.)> C. Juday and J. Henderson, No. 33; Lodgepole Creek near Ovid, July 30, 
1913 (12 q>edmena, 90-110 mm.)f J* Henderson and M. M. EUis, No. 275; Republican River, 
Wray, October 26, 191 2 (14 specimens, 30-170 mm.), A. G. Vestal and M. M. Ellis, No. 404; 
Youngman's Reservoir, Boulder, October 16, 1913 (180 mm.), M. M. ElUs; State Teachers* College 
Museum: Windsor Lake near Gred^r, A. E. Beardsl^. 

Microptems dolomieu Lac6pdde 
Small-mouthed Black Bass, Tiger Bass 

Micropterus dohmieu Lac^pMe, Hist. Nat. Poiss., Vol. IV, p. 325. 1802 (probably South 
Carolina). 

Body somewhat elongate, distinctly compressed; depth about 3 in the length 
to the base of the caudal fin; head large and compressed, its length 2.8 (young) 
to 3 . 5 in the length to the base of the caudal; top of the head not much flattened; 
eye moderately large, its diameter less than the length of the snout, 5. 5 to 7 in 
the head; posterior margin of the operculum broadly roimded; nostrils small, 
situated slightly in front of the eye near the lateral margin of the side of the head; 
mouth terminal and large, angle of the mouth when closed reaching the level of 

I Hkrshau., Bass, PilUt Perch amd Others, p. 33, 1903, New York; JoaoAM AMD EvaaMAMN, Amerieam 
Peed amd Game Pishes, p. 3S8» 1902. New York. 
• JOBOAN AMD EvsaMANir, ibid. 
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the anterior margin of the eye; maxillary never extending behind the eye; pre- 
maxillaries protractile; lower jaw very slightly longer than the upper; ^inous 
and soft dorsals narrowly imited, the soft dorsal the higher, spinous dorsal of X, 
rarely XI ^ines, soft dorsal of 13 to 15 rays; pectorab about 1.5 in the head; 
ventrals slightly smaller than the pectorab, base of the ventral ^ine on a level 
with the last ray of the pectoral; anal short, the length of its base less than that 
of the soft dorsal; anal spines III, rays 10 to 13 ; caudal pedimde broad, somewhat 
upturned; caudal fin slightly notched; scales moderately laige, feebly ctenoid, or 
rarely cycloid in the anterior portion of the body, becoming strongly ctenoid 
posteriorly; scales 10 to 12, 66-80, 19 to 21; lateral line prominent, strongly arched 
dorsally; scales in about 17 rows on the cheeks. 

General color olivaceous with a silvery luster, dorsal parts darker, body above 
the lateral line with niunerous faint, irregular, wavy streaks of dark olive-green; 
color shading to grayish or greenish white below; body below the lateral line 
crossed by twelve or more indistinct greenish bars; no distinct lateral stripe; 
cheeks with five or more olive-green bars radiating from the posterior margin of 
the. eye, a greenish bar from the anterior margin of the eye extending to the tip 
of the snout; eye dark reddish brown; fins uniformly greenish. Color somewhat 
variable, bars and stripes more distinct in breeding females. 

The Small-mouthed Black Bass or Tiger Bass excells the Large-mouthed 
Black Bass in the fighting qualities which make it so highly prized as a game fish. 
It b, however, a smaller fish than the latter and b restricted to colder and clearer 
water than that in which the Large-mouth may be found. Tlie maximum size 
reached by the Tiger Bass b about 5 poimds. 

Micropterus dohmieu ranges from southern Canada south into Arkansas. It 
has been widely introduced in many states and b quite successful where conditions 
are favorable. The only record obtained in the present study b from Canyon 
City, where the Tiger Bass has been planted. 

Colorado tpeclnieii. — UniversUy Museum: Sells Lake, Canyon City, September, 1913 (90 
mm.), F. A. Reidel, No. 405* 

Family PERCIDAE 
The Perch and Darters 

Spinous and soft dorsal fins separate; scales strongly ctenoid; mouth large; 
species carnivorous; fishes of the fresh waters of the northern hemisphere. 

The North American species of Percidae may be divided into two groups on 
the basb of size. The few large Percids include some of the favorite game and 
food fishes of the northern lakes, the Wall-eyed Pike, the Sanger and the Yellow 
Perch. The small perch are known as Darters, of which about one himdred spedes 
are recognized. These little fishes inhabit the small brooks and rapidly moving 
streams, avoiding the warm and stagnant waters. Most of the Darters are quite 
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small, few exceeding three inches in length and some never reaching the length of 
one and a half inches. It is to this group that the three species of Percidae native 
in Colorado are referable. Two species of large Perdds, the Wall-eyed Pike and 
the Yellow Perch, have been introduced into the lakes and reservoirs of eastern 
Colorado, so that in all four genera are now represented in the state. 

Key to Percidae Represented in Colorado 
a. Jaws with large canine teeth; size large, length up to three feet; body elongate. 

SHMoskdion Rafinesque, p. 103 
aa. Jaws without canine teeth; size smaller, length imder 15 inches. 

b. Soft dorsal fin with n or III spines; depth 3 to 3.5 in the length; preoperculum with a 
serrate margin; dorsal spines XII to XVI; anal spines 11; size large, length of adults 

exceeding 6 inches Perca (Artedi) Linnaeus, p. 104 

bb. Soft dorsal fin without spines; depth 4 to 6 in the length; preoperculum without a heavily 
serrate margin; dorsal spines VII to XV; anal spines I or 11; adults always less than 6 
inches in length. 

c Anal spines II; premaziUaries not protractile . . Etkeostoma Rafinesque, p. 107 
cc Anal spine I; prenuudUaries protractile BoUosoma DtKAy, p. 110 

Subfamily LuaoPERONAE 
Genus STIZOSTEDION Rafinesque 
The American Pike Perches 
SiU attedi om Rafinesque, Ickikyohiia Okiensis, p. 23, 1820. 

Body elongate, size large; jaws with large canine teeth; premaxillaries 
protractile; scales small and strongly ctenoid. 

This genus includes two large carnivorous perches, native in the upper 
Mississippi drainage, one species of which has been introduced into a few of the 
lakes of eastern Colorado. 

Stizostedion vitreum (Mitchill) 
Wall-eyed Pike 

Perca tikea Mitchill, Supp. Amer. Month. Mag., Vol. H, p. 247, 1818 (Cayuga Lake, New 
York). 

Body elongate and somewhat compressed; depth 4. 25 to 5 in the length to 
the base of the caudal fin; head large and long, about 3. 5 in the length of the 
body; eye large and prominent, its diameter 4. 75 to 6 in the length of the head; 
center of the eye nearer to the tip of the snout than to the posterior margin of the 
operculimi; mouth large, angle of the mouth reaching the level of the center of 
the eye, lower jaw sli^^tly longer than the upper; both jaws with large canine 
teeth; ^inous dorsal separated from the soft dorsal by a distance equalling the 
diameter of the eye, longest spine of the spinous dorsal exceeding in length the 
longest ray of the soft dorsal, base of the first spine of the dorsal on a level with 
the spine of the ventral, base of the first ray of the soft dorsal on a level with the 
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first spine of the anal, dorsal spines XU to XIV, rays 19 to 23; anal spines II, 
ra3rs 12 to 14; scales rather small, strongly ctenoid, 10 to 12, 80-100, 20 to 25; 
size large; reaching length of 3 feet and a weight of 10 poimds or more. 

Color olivaceous above, shading to almost white below, sides brassy; r^on 
above the lateral line mottled with dusky spots; dorsab and caudal dusky, the 
soft dorsal and the caudal somewhat barred with rows of spots on the rays; e3re 
brown, golden yellow near the center, cornea milky white, hence the name, 
"WaU-eye." 

Thb species ranges throughout the central portion of the Mississippi Valley, 
being quite abimdant in the northern lakes. It is a voracious fish feeding upon 
other fishes* and to some extent on crayfish. Because of its large size and vigorous 
fitting when hooked as well as its firm white flesh it is prized as a game fish of 
considerable importance. It is known in Colorado only from a few of the eastern 
lakes where it has been introduced from the East. 

Subfamily Peronae 
Genus PERCA (Artedi) Linnaeus 
The River Perch 
Perca (Artedi) Liniuieus, Syslema Naturae, ed. X, 1758. 

Body compressed, not much elongate; back elevated; spinous dorsal of XII 
to XVI spines; size moderately large. 

The three species of this genus are known from the northern hemisphere only, 
one occurring in Asia, one in Europe and one in North America. They are 
locally quite abundant and are esteemed as food fishes. The American species 
has been introduced into the lakes and ponds of eastern Colorado and from these 
has escaped into some of the streams. 

Perca flavescens (Mitchill) 
Yellow Perch, Ringed Perch 

Moronefiaoescens Mitchill, Repi. Fish. N.Y., p. 18, 18x4. 

Body somewhat elongate, distinctly compressed, especially in the posterior 
half, back elevated; depth 3 to 3. 5 in the length to the base of the caudal; head 
large and compressed, its length equal to or slightly greater than the depth of the 
body; top of the head slightly depressed just above the eyes, making the snout 
rather prominent; snout 3.5 to 4 in the head; eye large, situated in the dorsal 
half of the head, nearer to the tip of the snout than to the posterior margin of the 
operculum ; dorsal margin of the eye about one-fourth the length of the snout from 

> Forbes, op. e., pp. 373 and 374, states that "reckoning the avenge life of a pike at threi yean, the 
smallest reasonable estimate of food for each pike-perch would fall somewhen between eighteen hundred and 
es"; also that "the young (wall-eye] begin to practice their carnivorous instincts on each 
out ten days old." 
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the top of the head; diameter of the eye about 5 in the head; middle of the pos- 
terior margin of the operculimi produced to beyond the origin of the pectorab, with 
several irregular serrations; preoperculimi strongly serrate posteriorly; nostril 
small; mouth large and terminal, angle of the mouth reaching to below the eye; 
lower jaw veiy slightly if at all longer than the upper; premaxillaries protractile; 
dorsal fins separate, the spinous dorsal the longer; spinous dorsal of XII to XIV 
spines, its base almost twice the length of the pectoral, the first spine on a level with 
the origin of the pectorab; soft dorsal of II or lU spines and 12 to 14 rays, its base 
shorter than that of the spinous dorsal, about equal to the length of the pectoral; 
pectorals large, i. 5 to almost 2 in the head; ventrab about the same size as the 
pectorab or slightly larger, inserted well forward, the base of the first ray of the 
ventral a little more than the diameter of the eye from the base of the last ray of 
the pectoral; anal short, higher than long, its base about one-half the length of the 
pectoral, with II spines and 7 or 8 rays, base of the first spine posterior to the level 
of the first spine of the soft dorsal; caudal large, not deeply forked, and somewhat 
roimded, its greatest width very little less than the greatest depth of the body; 
scales moderately large, ctenoid, with 6 or more prominent basal lobes, basal radii 
5 to 7, drculi regular and concentric to the margin of the scale, apical third of the 
scale with short strong teeth; lateral line complete, arched dorsally; scales 6 or 
7, S5~70i IS to iSj cheeks scaled. 

Color brassy yellow shading into olive-green dorsally, ventral parts almost 
white; six or more vertical greerush bars four to ten scale series in width, extending 
from the mid-dorsal region to within four to six rows of scales of the mid-ventral 
line; top of the head blubh green; spinous dorsal dark grayish green, spines 
lighter; soft dorsal and caudal greenish; ventrab and anal hyaline to white, rays 
and ^ines yellowish to orange; pectorab greenish yellow. Size medium, length 
of average adults 9 to 12 inches. 

The Yellow Perch ranges from Canada south into central Indiana and Illinob, 
along the Atlantic Coast to the Neuse River, west into South Dakota. It has been 
introduced with success into Montana and Colorado and the Pacific states. As a 
native fish it b particularly abundant in the Great Lakes and adjacent waters. 
Thb species b a general favorite with the common fisherman, since it will take 
almost any sort of bait and its size and flavor make it a very desirable food fish. 
In the Great Lakes it b caught more frequently perhaps than any other species. 
The enormous nimiber taken may be shown by the statement of the Michigan 
Fish Commission that in 1908, 1,983,920 pounds of Yellow Perch were taken from 
Saginaw Bay, Michigan, alone.^ The brightly colored ventral fins of thb species 
are often used as a fly-bait for bass and wall-eyed pike in the northern lakes. 

Percaflavescens b dbtinctly a lake fish. It b carnivorous, haunting the shore- 
weed zone, although it b rarely taken in less than three feet of water. In large 

> Lkathksb, Mkkitan (hoi. BM. Survey, Publ. 4, Bid. Ser. 2, p. 947, 1911. 
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lakes it is usually quite abundant to a depth of twenty feet. The stomach con- 
tents of this spedes as examined by various writers in different parts of the coun- 
try show the food of the adult perch to be made up of large insects and their 
larvae, crayfish and the young of other fishes, other food being taken as oppor- 
timity offers.' The Yellow Perch lays its eggs in long strings on a sandy bottom 
near shore. These egg strings are not infrequently found entangled in the vege- 
tation near shore. The spawning takes place in the latter part of April and 
during May. 

Colorado tpedmons.— Co^oio State Historical and Natural History Museum: Sloans Like 
near Denver, August 4, iqoo (125 mm.), W. C. Ferril; Berkley Lake near Denver, August 18, 1900 
(180 mdi.), W. C. Ferril; Barr Lake, Adams County, July 20, 1007 (5 specimens, 100-155 mm.), 
H. G. Smith; State Teachers* College Museum: Lakes near Gred^r, A. E. Beardsl^r; Colorado 
College Museum: Cache la Poudre River near Gred^, I. C. Hall. 

Subfamily Etheostominae 
The Darters 
The fishes of this group are fotmd only in the cold clear brooks, small streams 
and shallow portions of the inland lakes of North America, particularly of the 
northern portion of the Mississippi drainage. The species, which number a 
himdred or more, are all of the same general shape and have the same type of 
behavior. Morphologically they differ from the other perches in the small, 
fusiform body, the large pectoral fins and the much^educed air bladder. Derived 
from the true perch stock, they now occupy a very definite position in the ecology 
of the small streams and lakes, in that they have taken the otherwise little-used 
food supply existing tmder stones and on the bottom. By means of their well- 
developed pectoral fins darters are able to hold themselves on the bottom against 
a very n^id current of water, the much-reduced or almost f imctionless air bladder 
making such a position possible. In this way darters have reached the headwaters 
of many streams. The feeding habits and general activities of these interesting 
little fishes show them to be, as Forbes has written, not so much dwarfed as con- 
centrated fishes. When undisturbed the darter remains quietly on the bottom 
with the pectoral fins braced, head upstream and the body often partly curled 
about a stone or some other object. Upon becoming alarmed or otherwise inter- 
ested a sudden movement of the pectorals places the fish some inches upstream, 
where it immediately adjusts itself to the new surrotmdings, appearing as a perma- 
nent part of the whole. When taking food the darter approadies the prospective 
prey carefully and cautiously, darting upon it suddenly and as quickly resxmiing 
the absolute quiet which contrasts so strongly with its movements. The qpedes 
of darters, the breeding activities of which have been studied, mate in the spring. 
At this time the males of some ^)ecies have very elaborate nuptial colors. Few 

* See HAMKorsoN, Rept. Mick. Geol. Biol. Survey for 1907* p. ais; Forbes amd RicHAiDSOir, FiAes ef 
JUinoiSt p. ail, 1009. 
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groups of animals will prove more interesting to the patient observer, and of the 
three q)ecies recorded from Colorado detailed studies of the particular activities 
of but one, BoUosoma nigrum^ have been made^ 

Genus ETHEOSTOMA Rafinesque 
The Darters 
Etheostawui Rafinesque, Jown. de fhysiquCt p. 4x9, 1819. 

Size small, species numerous and variable; distinguished from many of the 
dosdy related genera by the non-protractile prenuudllaries. 
Two species of this genus occur in Colorado. 

a. Humeral regioii with a rather conspicuous black scale or process and a dusky spot; species of 

the Arkansas drainage £. cragini Gilbert 

«u Humeral region without a black scale or process, although occasionally with a faint dusky q>ot; 
species of the South Platte drainage E, iowae Jordan and Meek 

Etheostoma cragini Gilbert 
Cragin's Darter (Fig. 52) 
Elheoshma cragini Gilbert, Bull, Wasklmm College Lab., p. 99, 1885 (tributary of the Arkansas 
at Garden City, Kansas); Jordan, Bull. U.S. Fish Com., Vol. DC, p. 17, 1889 (pond at Canyon 
City). 

Body elongate, distinctly compressed back of the pectorals; depth 4. 25 to 5 
in the length to the base of the caudal fin; head rather short, its length 3. 5 to 4 
in the length of the body; snout short and blunt, 4. 5 to 5 in the length of the head; 
eye rather large, situated in the anterior half of the head, dorsal margin of the 
eye on a level with or slightly above the top of the head; diameter of the eye 
exceeding the length of the snout, 4 or a little more in the head; mouth moderately 
large, terminal, slightly oblique, angle of the mouth barely reaching the level of 
the anterior margin of the orbit; prenuudllaries not protractile, frenum narrow, 
about one-half the diameter of the eye; spinous and soft dorsab separate, the soft 
dorsal being the higher, length of the base about equal to that of the spinous 
dorsal, spines Vn to DC, rays 9 to 11 ; pectorals large, i . 25 to i . 5 in the length of 
the head; ventrab small; anal short, length of its base less than that of the soft 
dorsal, of II spines and 6 to 8 rays; scales ctenoid, 6, 45-55, 9 or 10; lateral line 
interrupted; cheeks naked or rarely with a few scales. 

General color dark olivaceous above, lighter below; scales in the region above 
the lateral line outlined with dusky, giving that portion of the body a distinctly 
reticulated pattern; 7 to 10 very poorly defined, dusky blotches on the sides 
above the lateral line, some of the blotches being so indistinct that they are little 
more than faint W-shaped marks; a conspicuous dusky bar extending from the 
middle of the ventral margin of the orbit to the ventral margin of the side of the 
head, a second less distinct bar of about the same size extending backward from 
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the middle of the posterior margin of the eye to the middle of the operculum where 
it breaks up into a suffuse dusky spot; posterior margin of the operculum with a 
dark spot; a small but distinct black himieral spot; sides of the body sprinkled 
with minute dots of blue or black; dorsal fins brick red, caudal reddish to orange, 
pectorals, ventrals and anal yellowish; rays of the fins crossed with several rows 
of black spots giving them a barred appearance, the 7 or 8 rows of spots on the 
caudal very conspicuous, the 4 or 5 rows on the soft dorsal quite prominent, the 
4 or 5 rows crossing the pectorals rather indistinct, and the rows of spots on the 
ventrals and anal quite indistinct. Size very small; length under 2 inches. 

Cragin's Darter is known only from the Arkansas River and its tributaries 
west of Garden City, Kansas. 

Colorado wptdaMnM.— University museum: Outlet to Sells Lake, Canyon City, November 
8> 1913 (5 specimens, 35-s^ nun.)* A. G. Vestal and M. M. Ellis, No. 406. 

Etheostoma iowae Jordan and Meek 
Iowa Daster 

Etheostoma iowae Jordan and Meek, Proc. US. Nat. Mus., p. 10, 1885 (Chariton River, 
Chariton, Iowa); Jxtday, Univ. Colo. Studies, Vol. 11, p. 113, 1903 (Longmont); Cockbrell, Univ. 
Colo. Studies, Vol. V, 1908 (Boulder Creek, Boulder); Juday, BuU. US. Pish Com. for 1904, 
p. 227, 190S (Longmont). 

Body elongate, compressed back of the pectorals, depth 4.75 to 6, usually 
about 5. 25, in the length to the base of the caudal; head long and rather com- 
pressed, somewhat flattened dorsally, its length 3 . 25 to 4 in the length of the body; 
snout short and blunt; eye large, its center about twice as far from the posterior 
margin of the operculimi as from the tip of the snout, situated above the middle 
of the side of the head, dorsal margin of the eye on a level with or slightly higher 
than the top of the head ; diameter of the eye greater than the interorbital distance, 
equal to or usually greater than the length of the snout, and 4 to 5 in the head; 
nostrils small, just below the dorsal margin of the side of the head and about one- 
third of the distance from the tip of the snout to the eye in front of the eye; mouth 
moderately large, terminal and slightly oblique; angle of the mouth reaching the 
level of the nostrils; premaxillaries not protractile, frenum narrow, about one-half 
the diameter of the eye; dorsab separate, the soft dorsal slightly higher than the 
spinous dorsal, spine VIII or DC, rays 8 to 11, the first spine of the dorsal sli^^tly 
behind the origin of the pectorab, first ray of the soft dorsal in front of the anal 
opening; pectorals rather large, a little more than i in the head; ventrals small; 
anal smaller than the soft dorsal, anal spines II, rarely I, rays 6 to 8, usually 7; 
scales small and strongly ctenoid, with 8 to 12 basal radii and 10 to 15 apical teeth; 
lateral line interrupted; scales 5 to 7, 55-61, 9 to 11; cheeks and opercula scaled; 
general body form much the same as that of young specimens of BoUosoma nigrum. 

General color greenish to olivaceous, darker dorsally; mid-dorsal region with 
7 or more blotches of dark brown; lateral line region crossed by 8 or more irregular 
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bars of dark brown or blackish brown, each of which is more or less connected 
with one of the dorsal blotches and covers portions of 5 to 7 rows of scales; 
the space between the dorsal blotches and lateral line bars forming an irregular, 
somewhat interrupted longitudinal stripe, lighter than the adjacent bars and 
blotches; spaces between the bars crossing the lateral line light chocolate brown 
in color; sides of the body below the lateral line markings yellowish or greenish, 
sometimes with a well-defined stripe of burnt orange extending from the origin of 
the pectorals to the anal fin; ventral parts yellowish white; top of the head dark 
to almost black, sides of the head much mottled with black and brown; a very 
distinct wedge-shaped bar of black or dark brown extending from the middle of 
the ventral margin of the orbit to the ventral margin of the side of the head; 
mouth and sides of the premaxillaries light yellow to whitish; fins hyaline, often 
dusky, the rays crossed by several series of dark-brown dots which give the fins 
as a whole a barred appearance, these bars most distinct on the caudal which is 
crossed by 6 or 7 rows, quite distinct on the soft dorsal which has 4 to 6 rows, and 
usually very faint on the other fins; males in breeding colors with all the markings 
just described quite prominent and in addition the membranous portion of the 
spinous dorsal between the rays is colored lilac or purple in the basal half of the 
fin and vermilion in the outer half, the outer margin edged with bright blue, the 
ventral parts also have more yellow or orange; size smaU; not exceeding two 
inches and a half in length. 

The Iowa Darter has been taken in northern Illinois and as far north as Fort 
Qu'Appelle, Canada. The Colorado records are the most westerly for Etheostoma 
iawae. This darter is a species of the cold rapid streams and lakes of the north- 
western portion of the Mississippi drainage. It seems to be one of the most hardy 
^)ecies of the group, since it has been taken farther north and west than any other 
darter and at the same time as far south as Arkansas. 

The stomach contents of six specimens from Longmont, October 17, 1903, 

showed the food of this species to be of the same type as that of other species of 

the genus.' The data are given below: 

45 mm., caddis-fly larvae, 100 per cent. 

47 mm., " " " , 50 per cent; Chironomid larvae, 25 per cent. Not full. 
47 mm., " " " , 50 per cent; small annelids, 25 per cent; gastropods, 25 per cent. 
50 mm., Chironomid larvae, xoo per cent. 

50 mm., '* " , 50 per cent; small gastropods, 50 per cent. 

50 mm., " " , 75 per cent; small annelids, 10 per cent; a few Entomostraca; 

one small gastropod. 

A specimen of this darter taken from West Plum Creek near Castle Rock, 
June 8, 191 2, was in breeding colors. 

Colorado tpedmons.— C/mwrii^ Museum: St. Vrain Creek, Longmont, October 17, 1903 
(6 specimens, 45-55 mm.,), C. Juday and D. W. Spangler, No. 29; West Plum Creek near Castle 
Rock, June 8, 1912 (2 specimens, 35'45 mm.), A. G. Vestal and M. M. Ellis, No. 407. 

> See FoKBis and RiCBAaDSOM, Icktkyohgy of lUmois, p. 279, 2909. 
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Genus BOLEOSOMA DeKay 
The Tessellated Darters 
Bckosoma DeKay, New York Fauna, "Fishes," p. ao, 1842. 

Much like Eihtostoma; premaxillaries protractile; breeding males not so 
brightly colored as in Etheostoma; represented in Colorado by but a single species. 

Boleosoma nigrum (Rafinesque) 
Johnny Darter 

Etheostoma nigrum Rafinesque, IcMtyologia Ohiensis, p. 37, 1820 (Green River, Kentucky); 
JOKDAN, Bull. U.S. Pish Com., Vol. DC. p. 8, 1889 (Denver). 

Boleosoma nigrum (Rafineaque)— Juday, Univ. Colo. Studies, Vol. II, p. 113, 1903 (Boulder; 
Longmont); Juday, Bull. US. Pish Com. for 1904, p. 227, 1905 (Boulder; Longmont). 

The Johnny Darter is a very widely distributed species ranging over the whole 
of northern and central United States east of the Rocky Moimtains. As might 
be e]q)ected from its range and the variation of closely related ^)ecies, several 
subspecies of B. nigrum have been recognized. All of the Colorado specimens 
examined in the present study differ from the typical B. nigrum in having smaller 
eyes and a greater number of bands crossing the soft dorsal and the caudal fins. 
This difference in the size of the eye places the Colorado specimens in the sub- 
species B. nigrum mesaeum (Cope) as redescribed by Jordan and Evermann,' in 
which the diameter of the eye is 5 in the length of the head. This subspecies was 
founded by Cope on a single specimen collected from the Platte River, Fort 
Kearney, Nebraska. The type imique was exceptional in having a ventral fin 
formula of I, 4, a count verified by Jordan and Evermann (/.c.). All of the 
Colorado specimens counted had a ventral fin formula of I, 5, and since this is the 
typical formula for aU Etheostominae, Cope's specimen may have been abnormal 
in that re^)ect. In other characters the Colorado specimens of B. nigrum agree 
fairly well with Cope's B. mesaeum^ althou^ from the appended table (VII) it 
may be seen that a variation exists from the B. mesaeum type to the typical B. 
nigrum. The reduction in the diameter of the eye, on the other hand, may be 
merely a character of western specimens, since individuals of this species have 
been described from Big Stone Lake, Minnesota, by Jordan and Evermann,' with 
an eye diameter of 4 to 4. 5 in the head. 

Concerning the number of bands of spots crossing the soft dorsal and caudal 
fins no data are given for B. nigrum mesaeum (Cope) by Jordan and Evermann, 
so the relation of that species to the Colorado specimens cannot be discussed as 
regards this character. The Colorado specimens have 5 or 6 rows of bars crossing 
the soft dorsal and 6 to 8 rows crossing the caudal. A typical B. nigrum from 
Illinois as figured by Forbes* has four rows of bars on the soft dorsal and four 
crossing the caudal fin. 

* Bull. 47, us. Nai. Mui., p. 1059* 1896. * /Mi., p. 1056. 

* FoRBBS AMD RiCHAKDSON, Icktkyology of llHuois, pi., p. 296, Z909. 
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III 
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Considering the data, it seems proper to refer the Colorado specimens to the 
subspecies Boleosoma nigrum mesaeum (Cope). 

Boleosoma nigrum mesaeum (Cope) (Fig. 51) 

PoecUicktkys mesaeus Cope, Proc. Acad. Nal. Sci. Phila., p. 332, 1864 (Platte River near Fort 
Kearney, Nebraska). 

Boleosoma nigrum mesaeum (Cope)— Jokdan and Evermann, BuU. 47, U.S, Nal, Mus,, p. 10591 
1896. 

Body elongate, not much compressed; depth 4 . 6 to 6 in the length to the base 
of the caudal; head rather large and broad; top of the head somewhat flattened, 
width of the head 1.5 to almost 2 in the length of the head, which is 3.8 to 4.25 
in the length of the body; eye large, situated above the middle of the side of the 
head, center of the eye nearer to the tip of the snout than to the posterior margin 
of the operculum by almost the length of the snout; dorsal margin of the eye 
higher than the flattened top of the head; diameter of the eye greater than the 
interorbital distance, barely equal to or usually less than the length of the snout, 
3. 5 to 5, usually 4. 25 to 4. 5 (see Table VII), in the length of the head; snout 
short and blunt; mouth terminal, slightly oblique, lips rather fleshy, lower included 
by the upper; angle of the mouth barely if at aU reaching the level of the anterior 
margin of the eye; premaxillaries protractile; operculum with a heavy ^ine, 
directed caudally on a level with the lateral line;' base of the ^inous dorsal shorter 
than that of the soft dorsal, soft dorsal scarcely separated from the spinous dorsal, 
base of the first ray of the soft dorsal inserted slightly behind the level of the 
vwitrals, spines VIII or DC, rays 12 or 13; pectorals large; ventrals small, of I 
spine and 5 rajrs; anal small, of I spine and 8 or 9 rays, base of the spine behind 
the level of the first ray of the soft dorsal; caudal large, fan-shaped, not forked; 
scales rather small, closely imbricated, strongly ctenoid, with about 16 basal radii, 
4 or 5, 42-54, 7 to 9; cheeks scaled or naked. 

Color above greenish brown to dusky; mid-dorsal region with 4 or 5 saddle- 
shaped bands of dark brown which extend down each side for two or three rows of 
scales; lateral line crossed by 10 or more irr^;ular black marks which often 
resemble the letters W, M or N; below this row of marks another of smaller 
blotches usuaUy present, these alternating with those crossing the lateral line; 
most of the scales above the lateral line and many below it outlined with dusky, 
giving the entire fish more or less of a reticulate pattern; ventral parts yellowish 
or pinkish white, somewhat sprinkled with dusky; top of the head dark; a rather 
conspicuous dusky bar extending from the tip of the snout to the anterior maigin 
of the eye and a less prominent bar below the middle of the ventral margin of the 
eye; opercular region dusky, usually with a dusky spot; rajrs of the soft dorsal, 
caudal, and to some extent the ventrals, crossed by rows of dusky spots which give 

> One indvidual, 65 mm., Boulder Creek 6 miles east of Boulder, July 251 r9Z3, had a normal spine on the 
left operculum, while that on the right operculum was directed ventrally at an angle of about sixty degrees 
from the normal position. 
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the fins a boned appearance, 5 to 7 rows on the soft dorsal and 7 to 9 rows on the 
caudal; ventrals and anal but faintly marked. Males in breeding season with 
the fins and head dark to almost black. 

This interesting little fish is one of the best known of the darters. Like the 
other spedes of this subfamily, it feeds and is generally found on the bottom of 
the stream. Here it moves rapidly about among the small stones, often using the 
pectoral and ventral fins as supports by resting them on the bottom. When 
disturbed it darts away or it may almost bury itself in fine sand which it stirs up 
with the caudal fin. Although generally occurring in shallow, rapid streams or 
in lakes, it was found to be rather abimdimt in a deep broad pool with a silt bottom, 
back of a beaver dam on West Plum Creek. 

Colormdo tpedmens. — UniversUy Museum: St. Vrain Creek, Longmont, October 17* 1903 
(9 spedmens, 40-70 mm.)» C. Juday and D. W. Spangler, No. 39; Boulder Creek, Boulder, October, 
1903 (59 spedmens, a&-6o mm.), C. Juday and J. Henderson, No. 35; Boulder Creek 6 miles east 
of BouJder, July 35, 191 2 (7 specimens, 55-60 mm.), M. M. Ellis, No. 408; West Plum Creek near 
Castle Rock, June 8, 1912 (13 q>ecimens, 40-60 mm.), A. G. Vestal and M. M. Ellis, No. 409; 
State Teachers* CMege Museum: Greel^, A. E. Beardsley. Reported very common at Greeley 
before the advent of the sugar factories, by A. £. Beardsl^r. 

Order Loricati 
The Rockfishes, Sea Robins and Sculpins 
Scales present or wanting; body often with bony scales or plates; a bony 
process extending across the cheek from below the eye to the preoperculum. 

Family COTTIDAE 
The Sculpins 

Body rather elongate, more or less fusiform; head large, broad and depressed; 
scales wanting in most species (some species are irregularly scaled above the lateral 
line), skin often rough and covered with minute prickles; lateral line present and 
prominent ; third suborbital bone connected with the preoperculum by a bony stay ; 
air bladder usually wanting. 

The Sculpins are rather small fishes found in both fresh and salt waters, many 
species living along the rocky coasts. Other forms inhabit rather deep water, as 
the species of Trighpsis, the Deep-water Sctilpins of the Great Lakes. The more 
common fresh-water sculpins are species of the cold, rapidly moving brooks and 
mountain streams with rock or gravel bottoms. The food of such sculpins as have 
been studied shows the CoUidae to be voracious carnivorous forms often quite 
destructive to the eggs and young of other fishes. Both individuals and species 
are quite variable, and as Jordan and Evermann' state, "almost every species has 
an individuality of its own, and among the marine forms it is necessary to recognize 

* Butt. 47, UJ' ^^' Mui., p. z88o, Z898. 
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almost as many genera as ^)ecies." This variability has resulted in the publica- 
tion of descriptions of several probably s3monymous spedes. A sin^e species of 
Sculpin occurs in Colorado. 

Subfamily Cottinae 

Genus COTTUS (Artedi) Linnaeus 

The Fresh-Water Sculpins 

CoUus Artedi, Genera Piscium, p. 40, 1738. 

CoUus Liimaeus, Systema Naturae, ed. X, p. 264, 1758. 

Scales wanting; skin rather smooth; prickles when present most abundant 
near the axils of the pectoral fins; each ventral fin with I short, concealed ^ine 
and 4 soft rays. 

The species of this genus occur in the fresh waters of North America, Asia 
and Europe. 

Cotttts punctttlatos (Gill) 
Rocky Mountain Bullhead, Sculpin (Figs. 53 and 54) 

PolamocoUus punctukUus Gill, Free, Boston Soc. Nai, Hist,, p. 40* 1861 (Biidger's Pan» 
Wyoming). 

CottopHs semiscaher Cope, Hayden*s Smvey of Montana for 1871, p. 476, 1873 (Fort Hall, 
Idaho). 

Uranidea vkeeleri Cope, Proc, Amer. PkUos, Soc,, p. 138, 1847 (Bear River, Utah); Cope and 
Yassow, Wheeler Survey, Vol. V, p. 696, 1875 (Pagosa, Colorado). 

Cottus bairdi pnnctulatus (Gill)— Josdan, Bull. U.S, Pish Com., Vol. DC, p. ag, 1889 (Eagle 
River; Roaring Fork; Gunnison, Delta; Rio Florida; Leitner's Creek; Rio de las Animas 
Perdidas). 

Cottus semiscaher (Cope)— Jokdan and Evesmann, BuU. 47, U.S. Nat, Mus., p. 1949, 1898 
(Eagle River, Gypsum). 

Body elongate, somewhat compressed posterior to the origin of the pectorals; 
depth about 5 in the length to the base of the caudal; head large, broad and 
distinctly depressed, its width almost equal to its length, which is 3 to 3 . 35 in the 
length to the base of the caudal, depth of the head 3 or a little more in its breadth; 
e3re large, 5. 5 to 6. 5 in the head, directed latero-dorsally; nostrils small, widely 
separated, each borne by a short, elevated tube, the posterior being about half the 
diameter of the eye in front of the eye and the anterior about the same distance 
below the posterior, the tube of the posterior longer and more elevated, its posterior 
margin produced and pointed; snout broad and flat; mouth broad and very large, 
angle of the mouth reaching the level of the anterior margin of the e3re; pre- 
maxillaries protractile; opercular structure firm and bony, a well-developed, 
somewhat elevated preopercular bony process; spinous and soft dorsals separate, 
base of the ^inous dorsal i . 75 in the base of the soft dorsal; dorsal spines VIII 
or DC, 17 or 18; pectorals very large, reaching to or beyond the level of the last 
dorsal spine, equal to the length of the head, tips of the first nine rays curved 
upward and exceeding the web of the fin, thus producing a serrate margin; ventrals 
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small, the spine bearing a thick pad on its ventral surface; anal long, length of its 
base exceeding that of the spinous dorsal, of 11 or 13 rays the tips of whidi exceed 
the webbing of the fin; caudal peduncle slender, its least depth varying from the 
diameter of the eye to the length of the snout (the length of the snout equals the 
diameter of the eye in young ^>ecimens); caudal fin broad and fan-shaped, outer 
margin rounded and not fori^ed; scales wanting, lateral line prominent; skin 
toug^ and leathery, varying from quite smooth to rather rou^, as the prickles 
are developed or not. 

General color bluish or brownish gray, mottled with irregular blotches of dark 
brown or black; ventral parts white with a bluish or yellowish cast, imder parts 
of the head, the sides, the pectoral fins and the ventral surface posterior to the anal 
opening dusky with numerous minute black dots; fins dusky, rays and ^ines dark, 
crossed by several series of white bars. SmaU specimens much lifter than adults, 
rather uniformly covered dorsally with minute black dots. 

Because of the variation in the markings, the depth of the caudal peduncle 
and the development of the prickles in the skin, several nominal spedes of sculpins 
have been described from the Rocky Mountain region. These characters inter- 
grade and extreme types may often be taken in the same collection. Considering 
the extremes to represent subspedfic types, three may be recognized, although 
intergradations are found. 

a. Skin smooth. 

b. Caudal peduncle slender, its depth slightly exceeding the diameter of the eye. 

CoUus punctuhtus punctukUus 
bb. Caudal peduncle deeper, its depth almost equalling that of the snout. 

CoUus punchUatus vheeleri 
aa. Skin with prickles, especially in the axils of the pectorals. . CoUus puncttUaius semiscaber 

The Rocky Moimtam Bullhead or "Blob" as it is locally known reaches the 
length of six inches, althou^ average specimens are usually about three and one- 
half inches long. In Cok>rado it is very abundant in the headwaters of the 
Cok>rado River drainage, particularly in the Rio Florida and the Rio Las Animas 
near Durango. It is foimd, however, on both sides of the range in the small 
mountain streams. As its name implies, it is a species of the Rocky Mountain 
region ranging from northern Montana south into New Mexico on both sides of 
the Continental Divide, and west into the Great Basin in Idaho and Utah. 

This species is of considerable economic importance because of its feeding 
habiu. It moves about from stone to stone on the bottom of the stream, feeding 
upon the small fish which take refuge under the stones, caddis-fly larvae and 
snails. During the spawning season of the trout the Bullhead dso consumes 
quantities of trout eggs. This destruction of young trout and trout eggs is a. 
positive loss to the trout, for the young Bullheads are rarely if at all eaten by the 
trout, there being no compensating relation between these two fishes like that 
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between the trout and the suckers; the suckers eat trout eggs but in turn large 
numbers of young suckers are eaten by the trout. 



Colormdo ipedmans. — University Museum: Big Beaver Creek, Rio BUnca Comity, July 9, 
1907 (90 mm.)» E. R. Warren and J. W. Frye, No. 410; Lightner's Creek, Dorango, August 10, 
19x2 (11 specimens, 20-30 mm.)» M. M. Ellis, No. 411; Rio Florida, near Durango, August iz, 
1912 (8 specimens, 55-140 mm.), J. Henderson and M. M. Ellis, No. 412; Colorado College Museum: 
Grand River near McCoy, Eagle Coimty, Grand River Z2 miles above Glenwood Springs, San Juan 
River, Pagosa Springs, E. R. Warren; State Teachers* College Museum: Pueblo and Durango, 
A. E. Beardsley. 

TABLE Vm 
SuMMASY or Speciss Known at Present tkom Colosado 



Family 


Platts-Akkansas 


Rio CajoKDJt 


Colorado 


Total 


Native 


Intiod. 


Native 


latrod. 


Native 


Intzod. 


Native 


Intiod. 


Siluridae 


19 


X 

2 

I 
9 


? 
I 
2 






I 

2 

I 
4 


2 

7 

23 

5 

2 


X 


Catostomidae 


I 


3 
3 


2 

, X 


PoedHidae 




I 


2 


2 


7 


AnguilUdae- 




? 

I 










Centrarchidae 

Perddae 




6 
2 


2 




X 


I 
3 

I 


7 

2 


Cottidae 






X 
















ToUl 


33 


21 


5 


5 


9 


9 


44 


20 







Distribution of Fishes in Colorado 
Relations to River Systems 
Within the state the distribution of the fishes of Colorado is best 
shown by a comparison of the fauna of the four drainages and of the 
altitudinal zones. Barring the introduction of species by man, natural 
barriers as moxmtain ranges and arid areas are quite effective against 
the migration of fishes, so that in general the more isolated two river 
systems are the more diverse their fish fa\ma. Two of the four 
drainages of Colorado are entirely independent, the Rio Grande and 
the Colorado River. The Platte and the Arkansas form a third \mit 
independent of the first two. Thus there are three different fish 
faimas represented, correlated with these three drainage units. As 
the moxmtains are approached there are abrupt changes in the nature 
of the streams and the temperature of their waters, rendering them 
imsuitable for certain fishes and making possible the presence of 
others. In this way there is an intra-drainage distribution correlated 
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N«». 


5,000 Ft. 


SPooto 
7,000 Ft. 


r^ootp 

9,000 Ft. 


Abovt 
9,000 Ft. 




X 
X 
X 


X 
X 






nebulofius 












fufcatus 




? 






X 
X 
X 
X 






Catottomos commenonii sucklii 


X 
X 
X 


X 


X 


Sfininnia 






Pantosteus p1fl>nui 


X 
X 






X 
X 

X 
X 
X 
X 
X 
X 
X 


X 




Xynucben tezanos 




CvDrinus caroio 


X 


X 




Carmsflius muratus 




Campostoma ^noffiiihini 

Chroflomus eiythrogaster dak^>tn)^f , 


X 
X 
X 










PiiiMfphalfii proimtlaii 


X 


X 


Hybc^athuii nuchalts 




Phffnambius mirabili* .....,, r 






RirhArHwiniiiA nulchcllus 


X 




evermaniii 




X 
X 
X 
X 




NotroDis cayiuea 








St^ 


X 
X 
X 
X 






i^Srr::::::::::::::::... 






horatii 








X 
X 
X 
X 
X 
X 
X 












lutrmsis 


X 
X 
X 
X 


X 




Pfarchocheflus ludus 




GilU robuflta 


X 




SmK^HIvff atromaculattts . 










Hybopsis tetranemus 


X 
X 
X 
X 
X 






kentuckieiuils 


X 
X 
X 
X 

? 
? 

X 






Platvsobio Dhvrifniatha& 


X 
X 
X 






X 




? 


Plaffonteniff arReiit]!iffiniQ& 








? 

? 

? 

X 
X 
X 
X 
X 










S^Jmo «cbago ,.,,,, T 




X 


irideuft shaifta 


X 


X 
X 
X 
X 
X 


X 


rivularis 


? 


clarkii roihinis 




X 


pWuridcus 




X 


stomias 


X 


X 


macdonaMi 


X 


fario 




X 
X 
X 


X 
X 
X 
X 




levenenais 




X 


SalvelinQS fontinalis 


X 


X 


CrUtiv<HIlCr n«»w«vriM|h 


X 


Pinwlnliill af^riniu 


X 
X 


X 
X 




Funduhis floripinnia ....... r ....... r , . 






Anflnflla^ chrVHVDa ............. r ..... . 


? 
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TABLE JX—CotUmtusd 



Name 


Bdow 
S.oooFt. 


SfiOOtO 

7,000 Ft 


7,000 to 
9,000 Ft 


Aboire 
9,000 Ft 


Pcnnozis sparoides 


X 
X 
X 
X 


X 






Ambloplites rupestiis 






Chaenobiyttus gulosus 








LcpomiR cyftnellus. 


X 


X 
X 
X 




paiiiduff 




Microptenis aalmoides 


X 


X 
X 




dolomieu 






X 
X 








X 
X 
X 
X 

X 

47 






Etheofttoma cnurini 






iowae 


X 
X 

X 

44 






BolcosKmia nignim infffaf um 






Cottiw pMiictulatuf 


X 


X 


Total 66 


13 





X^Printed or ipcdnum record for a Colorado locality. 
? ^Probable distribution in Colorado. See diacuation of spedea so marked. 

with the altitude of the stream. In considering the distribution 
within the state, native species are of much more importance than 
introduced forms. The presence of an introduced fish at a given 
station speaks only of the ability of that fish to survive in a new 
environment, since the obstacles which have prevented its reaching 
the particular locality have been removed by man. The native fish, 
on the other hand, have reached the particular station presumably 
as a result of their ability both to overcome the obstacles and to 
endure the present environment. 

The Rio Grande has fewer native fishes than any of the drainages 
in Colorado. Five native species are known from the Colorado por- 
tion of this system at present. One of these, Rkinichthys caiaractae 
dulciSf the Dtdds Minnow, is foimd on both sides of the Continental 
Divide and is a fish of wide distribution west of the Mississippi River. 
No specimens of this Dace have been taken from the Colorado River 
drainage in Colorado, although it is known from as far west as Cor- 
vallis, Oregon. Three of the five native species are peculiar to the 
Rio Grande, occurring only in that system; they are the Rio Grande 
Trout, Salmo clarkii spUuruSy the Rio Grande Sucker, PatUosteus 
plebius, and the *'Pescadito," Richardsonius pulchellus. These fishes 
are western types and their nearest relatives occur in the Colorado 
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TABLE X 
DttTMiBunojK or Colorado Fbebs by Dkainaoes 



Nune 


PUtte 


AikaittM 


Rio Grande 


ColOfBdO 


Amcitirus melas 


n 

i 
n 


n 




i 


nebulosus 






Tctalurus ptinctuUtus 


n 






iurcatus 


? 




Carpiodes vclifer 


n 

n 
n 






CfttoBtomus roiDTQfmonii ffudclii 


n 






griseus 






MtiDinnis 






n 


PttiitofftfU9 plcbius 1 . . 






n 




ddphinus 






n 










n 


Cyprinus carpio 


i 
i 
n 
n 

n 
n 
n 


i 


i 


1 


Cinsaius aunitus 


i 


Cainp'Mfto***^ anoniahiiD 


n 












^iTi^pliales promelas 


n 
n 












'*Wfiii<?ohiu» xnirabilis 






Richardsonius pulchdlus 




n 




evermanni 


n 
n 
n 
n 
n 
n 
n 
n 














^piptSe^ ';:';;:::'*.:;::: 








w^^......::..;.....:.. 


n 






horatii 






comutus 








univeratatis 








lutrensis 


n 






P^chocheiltts ludus 




Q 


Gfla robusta 








n 


S4iiK>t^lv9 atromanilatua 


n 
n 








Cmifsiuft dijiffifniliti 








HybopsU tetranenms , 


n 






kcntuckicniiis . . . 


n 








n 

n 






Rhinichthsrii catanctae duldii 


n 


n 




Affotia yanrowi 


n 


PiajKmtenis anentissimus 








? 


TfagriiiaUus montanus 


1 






i 


CongonuA williamdoni 






n 


^hn^ scbaso 




i 
1 
1 
1 
i 
n 
n 
i 
i 
i 
1 

n 






iridcuff shaifta 


i 
i 
i 


i 


i 


livularift 


i 


clarkii ffpilnruK 


n 


i 


[Aeuriticus 


Q 


stomias 


n 






macdonaldi 






fario 








ic* ciidaSis ••••■■••■■••••••• 








$aWellnM5 fontinalls 


1 


i 


i 


Cristtvomer namaycush 




Ftmduhis aebrinus 


n 
n 






Finufiiliia floriDimiis 










? 













Digitized by 



Google 



I20 



UNIVERSITY OF CX)LORADO STUDIES 
TABLE X-OwiMNietf 



Name 


PUtte 


Aikaniaa 


Rio Grande 


Cokxado 


Pomoxisf !q>aroides. x . . . . . a . . . 


i 


i 
i 
i 
n 
i 
i 
i 

i 

i 

n 






AmblopKtes nipeittrifi 






Chaenobiyttus gulosus 








Lepomis ^yaneliuff 


n 


n 

i 

i 




pAlIidufi 






i 




dolomieu 




Sti«><ftMlion vftreum 


i 
i 






Perca flavescens 






Ethfiostoma cra^ni 






iowae 


n 

n 






Bnleofloma nigrum mesaeum 








CVrttM* pnnrtulatus 


n 
17 
16 




Q 


Native 44 


28 
12 


5 

5 

2 

10 



8 




Doubtful 5 


X 


Total, not including doubtful 63 . . . 


40 


34 


17 



Donative, 
iaintroduced. 
? -doubtful. 



River drainage. So closely related are the Rio Grande and Colorado 
River Trout that their identity has more than once been suggested, 
and both Pantosteus and Richardsonius are western genera, whose 
species are for the most part native to the Rocky Moxmtain region or 
the Great Basin. The remaining native species of the Rio Grande in 
Colorado is the Green Sunfish, Lepomis cyaneUus, a fish of eastern 
relationships. The Centrarchids are among the most characteristic 
fishes of the Mississippi Valley, so that Lepomis cyanellus is to be 
regarded as an immigrant from the East. With four of the five native 
species of the Rio Grande in Colorado western forms, the fish fauna 
of that drainage is more closely related to the fish f aima of the Colorado 
River than to that of the Mississippi Valley. 

The small number of native species in the Rio Grande in Colorado 
may be the result of several limiting conditions, but from a com- 
parison with the number of species of other drainages at the same 
altitude it seems that altitude is perhaps the important factor in this 
connection. 
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TABLE XI 
NuifBEK or Nativb Speoks in Each Altitudinal Zons 

T>_{-._ Bdow SfOooto 7f00oto Above 

^^''™«* SfiooFt. 7/x)oFt. 9.oooFt. 9.000 Ft. 

Platte 24 25 6 4 

Arkansas 14 14 8 6 

RioGnuDde S 2 

Colorado 7 8 42 

Colorado River Drainage. — ^This drainage has but nine native 
species of fish in Colorado, although it includes nearly half of the total 
area of the state. With the exception of one species all of these are 
Great Basin forms and peculiar to the Colorado River system; the 
sculpin, CoUus punctuUUm, is a species of the Great Basin streams, but, 
since it inhabits the small creeks of the high moxmtains, it is fo\md on 
both sides of the Continental Divide. The species of the western slope 
are noteworthy in two respects: with the exception of Yarrow's Dace, 
Agosia yarrowi, which reaches the length of five inches, all are moder- 
ately large fishes; and with the exception of the Sculpin, they are 
q)ecies of three of the more primitive families, the Catoshmidae, the 
Cyprinidae and the Salmonidae. 

Drainage east of the Continental Divide and the Sangre de Crista 
Range, — ^The Platte and Arkansas rivers, being part of the same major 
drainage, although separated in Colorado by the Platte-Arkansas 
Divide, have very similar fish faimas, twelve species occurring in both 
streams. A comparison is tabulated below. 

TABLE xu 
Nativb Sfbobs in ibb Platib and Aekansas Rivers in Colosado 

Platte 
Platte Total Platte Only and 

Aikamas 

28 16 12 5 17 33 9 

Three-fourths of the native species of the state, 33 in all, are fo\md 
east of the Continental Divide and but one of these, the Sculpin, 
CoUus punctidatuSy is foimd native on both east and west slopes in 
Colorado. The Dulds Minnow, Rhinichthys cataractae dulciSy occurs 
west of the Divide but has not been taken in western Colorado where 







Total East 


Total Wcat 


ikftBMc 


Arkansu 


of 


of 


Only 


Total 


Continental 


continental 






Divide 


Divide 
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it is replaced by Yarrow's Dace, Agosia yarram. Omitting the Dulds 
Minnow and the Sculpin, the fishes of the Platte and Arkansas drain- 
ages are species of the moxintain front region or with eastern affinities, 
many ranging rather generally throughout the Mississij^i Valley, or 
being closely related to Mississippi Valley forms. Although the 
majority of the species of eastern Colorado belong to the Cyprinidaej 
the Minnows, the higher fishes are represented by both native Cen- 
irarckidae and Percidae (see p. 120). 

Relations to Altitude 

Considering the fishes of the state as a whole, two distinct groups 
of species may be recognized, those of the moxmtain streams and those 
of the plains streams. In the foothill region both are fo\md, the local 
conditions determining the relative abundance of each. 

The 6,soo-foot contour on the east side of the Continental Divide 
and the 7,000-foot contour west of the Divide bo\md rou^y a central 
area the streams of which are quite different as fish habitats from the 
streams of the lower eastern and western portions of the state. The 
streams thus included in the central portion of the state are the 
moxmtain streams, those popidarly known as "trout streams," while 
the streams of the lower flatter areas are the plains streams. 

Mountain Stkkams 
The exact altitudinal boimdary of the moxmtain streams varies 
locally to a considerable extent but even in the San Luis Valley, which 
is the largest area of high flat land in the state, all of the streams above 
the 8,000-foot contour are clearly of this class. The moxmtain streams, 
regardless of the river system to which they belong, are characterized 
by several features. Fed the year ro\md by melting snow, they are of 
clear cold water, the annual thermal variation being rather small.. 
Flowing over igneous rock for the most part the percentage of con- 
tained solid, either in solution or suspension, is very low. Since these 
streams have their sources high up in the mountains their fall is very 
abrupt, and this taken with the usual rocky stream bed makes them 
turbulent, at the same time giving maximum opportunity for aeration 
of the water. Moxmtain streams are subject to sudden and consider- 
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able changes in the volume of water to be carried. During a warm 
^ring day large quantities of snow may be melted on rocky slopes 
where loss of water by absorption is slight. Thus there is a flooding 
of canyons and gulches. 

The combined action of all of these factors results in limiting the 
fish fauna of the moxmtain streams to a few well-adapted species. 
Fishes to live in such streams must be hardy, able to endure con- 
stantly cold water. They must be strong swimmers capable of moving 
against the strong current of these streams. Indirectly, but effec- 
tively, the nature of the moxmtain streams prohibits certain types of 
fishes, since the feeding-groxmds required by these species are not 
possible \mder moimtain stream conditions. The rapidly moving 
mountain stream has little or no fringe of aquatic shore vegetation 
(see Fig. 55), since such plants as might gain a foothold during the low 
water of the summer season would be swept away by the fall and 
spring rises. This removes a very important feeding-groimd for 
many species, since the zone of vegetation near shore shelters snails, 
insect larvae and small Crustacea, forms which taken collectively 
comprise the main food of sunfishes, top-minnows and many minnows. 
The strong current in itself and by the removal of silt and water- 
l<^;ged material from the bottom of the stream also limits the possible 
food for fishes in the stream proper to small snails, caddis-fly larvae 
and neuropterous larvae of various sorts, and the green and brown 
slime, algae and diatoms, on the stones. 

The census of the fish faima of these moimtain streams shows it 
to consbt of the two Dace, Rkinichlhys cataraciae dulcis and Agosia 
yarrawi; of suckers of the genus Pantosteus and of Catosknnus com- 
mersonii sucklii which feed upon the algal and diatomaceous slime, 
insect larvae and small snails; of the sculpin, CoUus punctuUUus, 
which feeds upon insect larvae, snails and small fishes; and of the 
several species of trout which feed upon small fishes, surface insects 
and larvae of the larger aquatic insects. In addition to these species 
the Darters, Boleosoma nigrum mesaeum and Ethecstoma iowae^ are 
found in the lower portions of the moimtain streams in the foothill 
region east of the Divide in the Platte drainage. Besides these there 
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are various species of minnows whose abundance depends upon local 
conditions. These last-mentioned species are always foimd either in 
the lower courses of the stream where they come in from the plains or 
in the more quiet parts back of beaver dams and other obstructions. 
Still other species may be taken near the outlets of high motmtain 
lakes, as Pimephales promdas. 

Above the foothill region and below the region of the high mountain 
lakes, the fishes of the average motmtain stream are, however, the 
Dace, Suckers, Sculpins (these are abxmdant only west of the Divide) 
and the Trout. The first three forms feed upon trout eggs when these 
are available, but this injury to the trout is offset by the fact that the 
yotmg suckers and both yoxmg and adxilt Dace are eaten by the adxilt 
trout. The Sculpins are a disturbing factor in this balance, since their 
yoimg are rarely eaten by the trout. 

The major interrelations of the fishes of the moimtain and foothill 
streams are shown in the diagram on p. 1 25. In this diagram the aver- 
age conditions are considered and it is to be borne in mind that with 
local complications these interrelations are not so simple as the diagram 
suggests. In general there is a progressive elaboration of the food 
material from the slime and protozoa, through small crustaceans and 
insect larvae, yoimg fishes and adxilt suckers to the higher carnivorous 
forms like the trout. As has been pointed out by several writers, the 
trout are normally carnivorous fishes but like any other group of 
animals they feed upon the available food material when the supply 
of that regularly taken falls short of the demand. 

Plains Stbeams 

The plains streams are larger and broader than the moimtain 
streams and with much less fall. Near the foothills, plains streams 
have beds of gravel or small stones, the results of sorting by the 
mountain streams, but away from the foothills the stream beds are 
sand or clay except where changed by local conditions. Flowing 
through a semi-arid region of low rainfall, the volume of water carried 
is subject to periodic variations correlated with fall rains and, in the 
spring, melting of the snow. In spring and late fall with the increase 
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in volume of water the percentage of solid material contained, 
especially in suspension, is high, since the plains soil is easily washed. 
In mid-summer the streams become clear but very shallow so that 
the relatively small quantity of water .is easily heated by the sun. 
As compared with the fairly constant temperature of the mountain 
streams the fishes of the plains streams are subjected to a wide range 
of temperatures; the water in a small pool in the South Platte at 
Jxilesburg, from which several hxmdred specimens of Fundulus zehrinuSy 
Notropis scyUa and SemotUus atromaculcUus were taken on July 19, 
1912, was heated to 84^ F., although connected by a small stream of 
running water with the main channel. The periodic change of stream 
level and the arid climate limit, indirectly, the fish fatma through the 
elimination of the shore zone of aquatic vegetation. Plants so com- 
mon along streams in the Mississippi Valley are almost entirely lacking 
along the plains streams in eastern Colorado. Such shore vegetation 
woxild be killed by drying, when the water recedes in the summer, since 
the margin of the stream does not remain moist as it does in more 
humid regions, or if there were any such vegetation it would be swept 
away by the current during the high water of the spring. The 
importance of this shore vegetation comes from the fact that it shelters 
small crustaceans, insect larvae and other forms which are food for 
Centrarchids and various species of minnows. It is interesting in 
this connection to note that at Wray and Ovid — ^localities in the 
eastern "rainbelt" of Colorado — some of this aquatic shore vegeta- 
tion was foimd along the streams in more favored places. Here, 
as expected, it contained Centrarchids, Perdds and large numbers 
of minnows. 

The fish fauna of the true plains streams in eastern Colorado is 
strikingly different from that of the moimtain streams. The suckers, 
the top-minnows, Fundulus floripinnis and Fundulus zehrinus, and the 
varioiis species of true minnows, particularly Notropis scyUa, Notropis 
piptolepis and SemotUus atromaculcUus ^ are the forms regularly foimd. 
In the larger streams may be added the catfish. 

In the plains lakes and reservoirs are f otmd the optimum conditions 
for Simfishes, Perch and Catfishes, since the rather constant water 
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level makes possible a broad zone of aquatic shore vegetation (Fig. 
56), and the absence of a current allows the deposition of silt and 
water-logged material. Into these lakes various spedes of eastern 
CetUrarckidae and Percidae have been introduced with success. Other 
lakes have been stocked with catfish. 

Changes in the Fish Fauna of Colorado 

From geological data it is known that portions of Colorado have 
been covered with salt water at times. Traces of the marine faunas 
occurring during these inxmdations are now foimd in fossil oysters, 
fishes and other animals taken from the rocks. The earlier of these 
deposits contain remains of sharks and chimeras. From more recent 
deposits in a fresh-water lake, existing at one time near Florissant, 
remains of several species of suckers and of two species of bowfins 
have been collected. These fossils show that there have been changes 
in even the fresh-water fish fatma of Colorado.* 

Observations on the changes in the fish faima of the western part 
of the United States since the advent of man are very few and the data 
existing have no large value in relation to the evolutionary changes, 
since they have been collected in rather recent times only. Chief 
among the disturbing factors in recent years has been civilization. 
In Colorado, man has changed the fish faxma in at least the following 
ways: (a) by removing large numbers of native fishes for food without 
properly restocking the streams; (6) by deflecting water for irrigation, 
leaving the streams low or even dry in some seasons; (c) by allowing 
the fishes to run into unscreened ditches only to become stranded and 
die in the fields; (d) by the introduction of mine and mill waste, the 
poisons from which often kill large numbers of fishes in a single day; 
(e) by the introduction of other fishes which become competitors of 
the native species. 

The first item, overfishing, affects the trout more than the other 
species, and need be discussed but briefly. It is a matter of general 
knowledge that trout were once abtmdant in many streams where 

> ^or m list of the fottU fiahai oC the Rocky HounUin region Me CoczEKKL^ 
pp. x6x 1, tgoS. 
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they are now very scarce. Through the efforts of the state and federal 
fish commissions many of the better trout streams are quite well 
restocked and others will doubtless be restocked in the future. The 
changes resulting from the use of water for irrigation cannot be helped, 
as the use of the water for this purpose is xmdoubtedly just. The 
useless destruction of fishes attendant upon the deflection of water in 
unscreened ditches, however, can be, and to a large measure in recent 
years has been, avoided by the proper screening of the main ditches 
at the point of withdrawal. 

The introduction of mine and mill waste has been very destructive 
to the fishes of the state. In 1907 all of the fishes in several miles of 
Boxilder Creek, near Boxilder, were killed in this way. So complete 
was the destruction that for several days the stream carried large 
numbers of floating fish. Fortimately collections had been made 
from this creek in 1903 by Juday, and a comparison of the fish faxma 
as now re-established with that existing in 1903 is possible. The 
most apparent changes in the fauna are shown in the accompanying 
table (XIII). 

TABLE Xm 

CoMPAsisoN OF Fish Fauna of Bouidek C&esk in 1003 and 19x3 

Specuneos Spcci i iieiu 

Taken in xgoj Taken in igia 

Couesius dissimiUs Numerous None 

SemolUus airomactdatus Few Numerous 

Hybopsis kemiuckiensis Several None 

Rickardsomus evermoHm Three None 

Notropis cayuga Several None 

CaSosUmus commersonii suckUi Several Numerous 

griseus Numerous Several 

Eikeostoma iawae Several None 

Two species have apparently become more abxmdant, while others 
have been completely exterminated or are not yet re-established, 
judging from existing data (for number of specimens see the specimen 
lists for the several species). The larger streams have also suffered 
from the introduction of mill and mine waste. The writer has been 
told by several of the older fishermen of the abtmdance of Gizzard 
Shad, Dorosoma cepedianum (LeSueur),* as far west as Pueblo in the 

* A species of the DorMomida$, No spedment of this fish taken bk Colorado have been examined in this 
study, and tliere are no printed records of its occurrence in the state. It has been taken, Ixmever, in the 
Aikansas at WichiU, Kansas, by Jordan (Butt. U^. Pish Com., Vol. DC, p. i8, 1889), and may oocor in the 
Aikaasss in eastern Colorado. If found, it may be recognised by its oompceased body, senate ventral surface, 
peculiar dorsal fin of zs rays, the posterior mazgin of the dorsal and its last ray being greatly doogated. 
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Arkansas River and also of the abundance of several species of fishes 
in the Cuchara River, in the early days before there were large mills 
and coal mines along these streams. The removal of water for irriga- 
tion must be considered in this connection as a factor co-ordinate 
with the introduction of mill waste, since a little waste material would 
have a higher concentration in a stream carrying little water. 

The introduction of other species into the state has changed the 
relative abimdance of some of the native species, but as far as is known 
none has been exterminated in this way. One particular case is 
deserving of attention in this connection. The Yellow-finned Trout, 
Salmo clarkii macdonaldi, known only from Twin Lakes and once 
abundant there, is rapidly becoming scarce. Paralleling the decrease 
in the number of Yellow Fins is a marked increase in the introduced 
Mackinaw Trout, CrisHvomer namaycush. Both are species of the deep 
water and it may be that the Yellow Fin is an unsuccessful competitor 
of the introduced Mackinaw, although there may be some other cause 
for the reduction of the number of Yellow Fins. 

Economic Species 

Several species fotmd in Colorado, other than the trout, have 
value as food fishes, although the combination of food fishes and game 
fishes furnished by the Salmonids makes them by far the most impor- 
tant group in the state from an economic standpoint. The ease with 
which trout may be successfully raised has also contributed to the 
general popularity of these fishes. The ripe adxilts may be safely and 
rapidly stripped and the large non-adhesive eggs fertilized in the field, 
the tough coats of the individual eggs making their safe shipment to 
the hatcheries possible. Here they are placed in rectangular trays 
(see Fig. 42) and kept in the hatching-tanks. The removal of the dead 
eggs is facilitated by their opacity, which makes them quite conspicu- 
ous in the black trays among the good eggs. During the year 191 2, 
11,280,000 yotmg trout were distributed from the Colorado state 
hatcheries.' 

> Bitm, SmPoH SUU Gtm* Fish Com, for iQit-tM, p. 98. 
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The fishes raised in Colorado which are commonly marketed in 
the state are the Catfish and Carp from the ponds and private lakes. 
The small native catfish bring a good price and are successful competi- 
tors of the salt-water fishes shipped from the coast. The Carp aJong 
with the White Salmon from tibe Colorado drainage and the Suckers 
from the Arkansas and Colorado drainages are sold extensively to the 
local markets near the points of capture. 
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Glossary 

Adipose jm, A small mediaii fin between the caudal fin and the dorsal fin. (See Fig. 43) Not 

present in all fishes. 
Anal Jin. A median fin on the ventral surface of the body just back of the posterior opening of 

the alimentary canal (See Fig. 43.) 
Anal o ptm n g . The posterior opening of the alimentary canal. 
ApkalradU, Grooves in the free or exposed portion of a scale, running from the center of the scale 

to its margin. (See Fig. 61.) 
Barbtis. Cylindrical, membranous processes extending from the angle of the mouth or the top of 

thehead. Best shown in the catfish. (See Fig. i.) 
Basal fuUra, Rudhnentary, spine-like or bony rays at the base of the caudal fin. (See Fig. 36.) 
Basal radii. Grooves in the basal or covered portion of a scale. Opposed to apical radii. (See 

F!g. 57) 
Caudal fin. The large fin at the posterior end of the body; the tall. (See Fig. 43) 
Caudal peduncle. The narrowed portion of the body bearing the caudal fin. (See Fig. 43.) 
Cheeks. The sides of the head. 
Ctenoid. Scales with teeth on the apical portion. 
Cycloid. Scales of bony fishes, without apical teeth. Opposed to ctenoid. 
Dentary hone. The anterior portion of the lower jaw. 
Depressed. Flattened dorso-ventrally. 

Dorsal prtfile. The dorsal outline of the body when seen from the side. 
Ductus pneumaHcus. A small duct connecting the air bladder with the alimentary canal. 
Emaninate. Slightly forked or cut away along the margin. 
Entire, l^th the margin complete and not forked. 
Falcate. Sdmitar-shaped along the margin; deeply but irregularly forked, one lobe being longer 

than the other. 
Fingerting. A young fish, about the length of one's finger or less. 
FoutaneOe. An opening between two or more bones of the skull. 
Frontal bone. That forming the front of the top <^ the head. 
Fusiform. Spindle-shaped. 

Gill opening. That just back of the posterior margin of the operculum. 

Interorbital distance. That across the top of the head between the upper margins of the two orbits. 
Jntromittent organ. A male reproductive organ devek>ped in some viviparous fishes from the 

modified anal fin. 
Lateral Une. A series of pores, usually in the scales, along the mid<fle of each side of most fishes, 

connected with special nerves. 
MaxiOary barbel. That barbel attached to the edge <^ the maxillary bone. 
Maxillary bone. That forming the lower portion of the upper jaw of most fishes. 
Ocellated. With a central round spot; usually of one large spot which contains a central spot <^ 

another color. 
operculum. The large shieki-shaped bone covering the gills, on the side of the head. (See Fig. 

43.) 
Ovomipareus. Producing eggs which hatch within the body of the female but are independent of 

the female. 
Opercular fiap. A membranous flap at the posterior margin of the operculum, supported in some 

species by a bony stay. 
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Palatine hones. Bones on each side of the loof of the mouth. 

Parietal hones. Bones on each side of the top of the head, just back of the frontal. 

Pan marks. Vertical bars of dusky or black on the sides of the young of most species of trout, 
whitefish and other spedes of Salmonid fishes. (See Fig. 37.) 

Pearl organs. Small tubercles developed on the scales <^ males <^ some fishes during breeding 
season. Their function b to aid in keeping the two fishes alongside during spawning. 

Pectoral fins. Those just back of the gill opening. (See Fig. 43.) 

Peritoneum. The membranous lining of the abdominal cavity. 

Pharyngeal hones. Bones at the beginning of the esophagus just back of the last pair of gills on 
each side. (See p. 46.) 

Poikilotkermous. Having a temperature of the surrounding medium, popularly known as "Cold- 
blooded." 

Predorsal region. The region along the middle of the back just in front of the dorsal fin. 

Premaxiilary hones. Those forming the front and median portion of the upper jaw, in most fishes. 

Preoperculum. The anterior portion of the operculum. 

Pyloric caeca. Small blind tubes at the lower end of the stomach. 

Radii. Grooves in the scales of many bony fishes. 

Scale formulae. Scales are to be counted in oblique series from the base of the first ray of the dorsal 
fin to the lateral line, the scale in the lateral line not being included; next, those in the lateral 
line from the origin of the lateral line just back of the gill opening to the base of the caudal 
fin; the third count is of the scales in oblique series between the lateral line and the base of the 
first ray or spine of the anal fin, the scale of the lateral line not being included. These counts 
are conventionally given as 5, 67-70, 3 or 4, meaning 5 scales in oblique series between the base 
of the dorsal fin and the lateral line, 67 to 70 in the lateral line and 3 or 4 in oblique series 
between the lateral line and the base of the anal fin. 

Septum 0/ the nostril. The elevated membranous partition between the two halves of the nostril. 

Snout. The portion of the head in front of the eye and above the mouth. (See Fig. 43.) 

Soft dorsal fin. Opposed to spinous dorsal, the supporting structures being soft rays. 

Spinous dorsal fin. The anterior portion of the dorsal fin which is either separate from the posterior 
soft dorsal or joined with it into a single fin. The supporting structures in the spinous dorsal 
are bony spines. 

Suborbital hones. A chain of more or less connected bones below the eye. 

Supraocular region. That just above the eye. 

Terete. Rather cylindrical, having a more or less circular outline in cross-section. 

Ventral fins. Paired fins on the ventral surface of the body in front of the anal fin and behind or 
below the pectoral fins. (See Fig. 43.) 

Ventral profile. The ventral outline <^ the body when seen from the side. 

Vomer. The front part of the roof of the mouth. 

Weherian apparatus. A chain of small bones connecting the air bladder with the inner ear. 
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Species Index 



AeanikocepkaUu rdiaihius, 86 
Acomm griseus, 35 
Agosia yarrcwit 68, 77> lai. X33 
AmbiopUtes rupeslris, 9S 
AfHeimnu melas, 16, 17 
nebtiiosus, 17 
American Ed, 9a 
Angmih ckrysypa, 9a 

Apocof€ oscfOa, 68 
ApomoHs cyaneUus, 97 
Argyrtus dtUcis, 64 

Barbadoes Millions, 86 
BladL Bullhead, 16 
BladL Crappie, 94 
BladL-headed Minnow, 41 
Blob. 

Bhie Gfll, 98 
Bhie-headed Sucker, 29 
Bhie-spotted Sunfiah, 97 
Bcdianus rupesiris, 95 
BoUosoma nignm, no 

mesaeum, iia, 133 

Bony Tail S6 
Brown Trout, 76, 83 

CaHcoBaaa,94 
Compostoma amomdlmm, 37 

jtiktitHt 37 
Cofosj^ onraliif , 36 
Cwpiodei tumidus, ai 

teJ^er , ao, 36 
Caioitomus Metku, n 

c^mmenomi, aa 

sucUU, i9> aa, 44, 

€ypko,30 

grisems, 24, as 

iolJ^NNMf, a6 

ni^icans, 24 

smiUi, aa 

liref sucUii, a a 

f€/^ef , ao 
Cayuga Shiner, 49 
CeraOcklkys ^signatkm, 6a 
Ck^emobryiku gtiiosus, 96 
Channel Cat, 18 



ia3 



Ckrosomus dakofensis, 38, 39 

erytkrogaster, 38, 40 

dakotmsis, 38 
Chub, S7 

CUnostomus pandora, 47 
Coast Range Trout, 80 
Colorado River Trout, 76, 8a 
Columbia River Trout, 81 
Common Shiner, $2 
Common Sucker, aa 
Coregonus dupeiformis, 73 

wUHamsani, 73. 74 

dsmontanus, 75 
CoUopsis semiscaber, 1x4 
Cottus bairdi punchUahu, 1x4 

pundtdatus, 77. II4» x^Xf i^3 
semiscaber, 1x4 
Couesim dissimilis, 59 
Cutthroat Trout, 81 
Cragin's Darter, 107 
Cieek Chub, S7 

CrisHwmer namaycush, 76, 8s» ia9 
CypHnus atromacuiatus, 57 

amraius, 36 

«flr^, 34 

cammersonii, aa 

cormUus, 5a 

l^ex, aa 

Dorosoma cepedianum, ia8 
Dulds Minnow, 64f 77* xi8 

Eastern Brook Trout, 76, 84 
Eikeostama cragini, X07 

iawae,ioS, 12$ 

nigrum, tio 
Evermann's Dace, 48 
Exoglosswm mkabUe, 45 

Fat-head, 41 
Fine-scaled Sucker, as 
FUumel-mouthed Sucker, a6, 31 
Four-barbeled Chub, 60 
Fresh-Water Eel, 9a 
Fundulusjloripmnis, 89, ia6 

muikf^sciatus, Sj 

ubrinus, 87, ia6 
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German Carp, 34 
Cih egregia, 56 

degans, 56 

pandora, 56 

pukkella, 47 

robusta, $6 

semimuda, S7 

Gila Trout, S^ 
Gizzard shad, 128 
Gobio calaractae, 64 
Goldfish, 36 
Gimyling, 7a 
Gray Sucker, as 
Greased Chub, 37 
Great Lakes Trout, 8s 
Green-backed Trout, 76, 8a 
Green Sunfish, 93, 97. lao 

HaphchUus Jlcripimnis, 89 
Homed Dace, S7 
Homer, 16 
Homy-bead, 61 
Humpbacked Sucker, 30 
Hybognaihus nuckaiis, 43 

placUa,4Sf* 
Hyhopsis aesUvaiis, 60 

geUdus, 60 

keniMckiemsis, 61 

scyUa, 50 

tetranemus, 60 
Hyborhynckus nigeUus, 41 
HypsUepis jugaUs 53 

Idahrus furcatus, x8 

punckUus, 18 
Indian Chub, 61 
Iowa Darter, 108 

Jerker, 61 

Johnny Darter, no 

Labrus paUidus, qB 

salmoides, xoo 

spar0id€S,94 
Lake Whitefish, 73 
Landk)dLed Salmon, 76, 79 
Large-mouthed Bkurk Bass, 100 
Leather Carp, 34 
Lepomis cyimdlus, 93, 97» iso 
paUidus,^ 



Leudscus evermamU, 48 

lutrensis, 53 

wigrescaut 47 

ptdcker, 47 
Lencoscmus dissimUis, 59 
Little Green Top-minnow, 89 
Little Pout, 16 
Little Redfin, 89 
Loch Leven Trout, 76, 83 
Long-nosed Dace, 64 
LuxUus betthiekiensis, 61 

Mackinaw Trout, 76^ SSt X39 
MaiapUmrus electncus, 15 
McCkmd River Rainbow Trout, 80 
Microptenu dotomieu lOi 
salmoides, 100 
Millions, 86 
Minomm ddpkinus, 29 
Mirror Carp, 34 
Montana Grayling, 7a 
Morane flavescems, Z04 
Mountain Dace, 59 
Moxostoma trisignahim, aa 

Namaycush Salmon, 85 
Notropis cayuga, 49 

cormUus, $2 

gMerH, 49 

koroHi, SI 

luiremsis, 53 

megahps, 53 

^^10^^,49. 136 

scylla 44, so» ia6 

sona$ut,ss 

OHcarkynckus tsckawytscka, 73 

Panosteus ddpkimu, 39 
pMms, a8, 118 
vir$sce»s, 39 
Perca fiavescens, 104 

vUrea, 103 
Pescadito, 47* 118 
Phenacobiui mwdbUis, 4S 

ica^«f , 45 
Photogenis piptckpis, 49 
Pimelodus n^ulosus, 17 
PimepkaUs maciUosus, 41, 43 
promdat, 4I» 134 

confertms, 41 
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PUgopierus wgenUs Hm u s , 70 
Platte River Shiner, 49 
Platte River Sucker, as 
Plaiygobio graciHt, 6t 

MynfMlAiff , 6a 
PoiciUcklkys wtesaeus, ixa 
PogonicHkyi u mmtmi s, 62 
PomaHs gtiiosm, 96 
PoiKotU sptciosMS, 99 
Pomoxis sparoideSp 94 
Potamoc9tHu pundulahu, 1x4 
Piyckochmktt hcius, 5S» 56 

Quillbac^ ao, 36 

Rainbow Troat, 76, 80 
Raxor-backed Sttdier, 30 
Red-bellied Dace, 38 
Redfin, 53 
Rkimcktkys caiwaetaet 64 

dmkii, 64» 118, 121, 123 
^fifeir,64,77 

kam sm oni amu s, 64 

pmlckeiims, 46, 47, zx8 
Ringed Perch, 104 
Rio Grande Chub, 47 
Rio Grande Sucker, a8, 118 
Rio Grande Trout, 76, 8a, xi8 
Rock Baas, 9S 

Rocky Mountain Bullhead, 114 
Rocky Mountain Herring, 75 
Rocky Mountain Whitefiah, 74 
Round Tail, S^ 

Sai]fi8h,ao 
Solium clofkU, 81 

ma cd omaUi, 76, 83, X29 
tkttrUkus, 76, 8a 
spiimus, 76, 8a, 1x8 
ttomiat, 76, 8a 
/ario, 76, 83 

levenmsis, 76, 83 1 
foiUmaUs, 84 ^ 
gakimen, 81 

$hasla, 80 
•rt^Mif, 80 

skasia, 76, 80 



Stimo my kiss m a cdm a Ui , 83 
^fffffMau, 82 
spilmus,S2 
s iomias t 82 
naM^yaif A, 85 
pUwiOcus, 82 
fvmtans, 76, 81 
lo/of, 76 

i^frof 0, 76, 79 
iefra*<>, 79 
i^»{ifrwf,82 
stomias, 82 
Salmon Trout, 81 
SaMmus f^nimalis, 76, 83, 84 
Sareidimm sc^p^trum, 45 
SckObeodes nocttmms, 15 
Sculpin, 114 
Sebago Sahnon, 76, 79 
StmoHIm atromaetiiaius, 32, 57, 126 

SUurus glams, is 

mdas, 16 

^•MdalMi, x8 
Silvery Minnow, 43 
Small-mouthed Black Baas, loi 
Speckled Trout, 84 
Sciuawfish, 56 
Steelhead Trout, 76, 81 
SlUosUdum vitremn, 103 
Stone Cat, 15 
Stone-roUer, 37 
Strawberry Baas, 94 
Sucker-mouthed Miimow, 45 
Sudd^s Sucker, aa 

Tench, 32 

Thick-jawed Chub, 6a 
ThymaUus montamus, 7a, 75 
Tiger Baas, loi 
Tigoma migrescens, 47 
rtucalffica, 32 

Uramdia fhederi, 1x4 

Von Behr Trout, 83 

Wall-eyed Pike, X02, 103 

Warmouth, 96 

Warmouth Baas, 96 

Wels,z5 

Western Chisel-mouthed Sucker, a9 

Western Long-nosed Dace, 64 
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Western Red-bellied Dace, 38 Xyratieken umompohgre, 30 

Western Shiner, so 

White Cat, 18 Yanow't Dace, 68. 77 

White Crappie, 94 YeDow-finned Trout, 76, 83t i39 

White Sahnon, 44, SS Yellow Perch, roa, 104 

Williamaon't Whitefiah, 73* 74 

Zebra Fish, 87 

Xyramkm cypko, 30 2^ra Top-minnow, 87 

kxanus, 30 lygoiacUf fiori pim m h , 89 
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PLATE I 
Fishes of Colorado 



Fig. I. — Ameiurus melas. Black Bullhead (p. 16). Adult. 



Fig. 2. — Catostomus commersonii sucklii. Suckley's Sucker (p. 22). 
Adult in feeding position. 



Fig . 4. — A meiurus nebulosus. Com- 
FiG. 3. — Catostomus commersonii sucklii. Suckley's Sucker (p. 22). mon Bullhead (p. 17). Young 

Young showing the three lateral spots. dorsal view. 



Fig. 5. — Catostomus commersonii sucklii. Suckley's Sucker (p. 22). Adult in resting position. 



Fig. 6. — Catostomus griseus. Gray Sucker (p. 25). Adult. 



Fig. 7. — Xyrauchen texanus. Humpbacked Sucker (p. 30). Adult. 

Digitized by VjOOQIC 



PLATE II 
Fishes of Colorado 



Fig. S. — Catostomus commersonii sucklii. Suckley's Fig. 9. — PatUosteus delphinus. Western Chisel-mouthed Sucker 
Sucker (p. 22). Head, ventral view showing (p. 29). Head, ventral view showing the papillose lips 

the papillose lips. and the chisel-edged jaws. 



Fig. to. — Cyprinus carpio. German Carp (p. 34). Scaled variety. 



Fig. II.- Cyprinus carpio. German Carp (p. 34). Mirror Carp. 
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PLATE III 
Fishes of Colorado 



Fig. 12. — Chrosomus erythrogaster dakotensis. Western Red-bellied Dace (p. 38). 



Fig. 13. — Campostoma anomalum. Stone-roller (p. 37). Young. 



Fig. 14. — Campostoma anomalum. Stone-roller (p. 37). Breeding male. 



Fig. is.-^Pimephales promelas. Black-headed 

Minnow (p. 41). Top of head 

of breeding male. 



Fig. 16. — Campostoma anomalum. Stone- 
roller (p. 37). Head, ventral 
view, showing the sucker- 
like mouth. 



Fig. 17. — Fimephales promdas. Black-headed 

Minnow (p. 41). Side view of head 

of breeding male showing 

tubercles. 




Fig. 18. — Pimephales promelas. Black-headed Minnow (p. 41). Breeding male. 
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PLATE IV 
Fishes of Colorado 



Fig. iq. — Pimcphales pronulas. Black-headed Minnow (p. 41). Female. 



Fig. 20. — Phenacohius mirabilis. Sucker-mouthed Minnow (p. 45). 



Fig. 21. — Phenacohius mirabilis. Sucker-mouthed Minnow (p. 45). 
Side view of head. 



Fig. 22. — Phenacohius mi- Fig. 23. — Phenacohius mirahilis. Fig. 24. — Phenacohius mirahi- 

rahilis. Sucker-mouthed Sucker-mouthed Minnow Us. Sucker-mouthed Minnow 

Minnow (p. 45 ). Ven- (p. 45). Top view (P- 45)- Ventral view of 

tral view of head of head. the head, mouth 

showing sucker- open. 



like mouth. 
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PLATE V 
Fishes of Colorado 



Fig. 2$.—Srmotilus atromaculatus. Homed Dace (p. 57). Adult. 



Fig. 26. — Semotilus atromactdatus. Homed Dace (p. 57). Young. The black spots 
are parasitic womis, Trematodes. 



Fig. 2T.—Notropis cornutus. Common Shiner (p. 52). 



Fig. 28. — Notropis scylla. Westem Shiner (p. 50). 



Fig. 29. — Sotropis lutrensis. Redfin (p. 53). 
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PLATE VI 
Fishes of Colorado 



Fig. 30. — Platygohio physignathus. Thick-jawed Chub (p. 62). 



Fig. 31. — Rhinichthys cataractae dulcis. Western Long-nosed Dace (p. 64). 



Fig. 32. — Agosia yarrowi. Yarrow's Fig. s.l- — Agosia yarrowi. Yarrow's Dace 
Dace (p. 68). Ventral view (p. 68). Side view of head. The 

of head showing the barbel may be seen at the 

maxillary barbel. angle of the mouth. 



Fig. 34. — Gila robusta. Bony Tail (p. 56). 
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PLATE VII 
Fishes of Colorado 



Fig. 35. — Gila robusla. Bony Tail (p. 56). Side view of head. 



Fig. 36. — Gila robusla. Bony Tail (p. 56). Caudal fin showing the enlarged basal fulcra. 



Fig. 37. — Salmo irideus shasta. McCloud River Rainbow Trout (p. 80). 
Young with parr marks. 



Fig. 38. — Salmo irideus shasla. McCloud River Rainbow Trout (p. 80). Adult. 
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PLATE VIII 
Fishes of Colorado 



Fig. 3q. — Salvelinus foniinalis. Eastern Brook Trout (p. 84). Young. 



Fig. 40. — Salvelinus fontinalis. Eastern Brook Trout (p. 84). Adult. 



Fig. 41.- -Eggs of Eastern Brook Trout. 



Fig. 42. — Egg trays and hatching-tanks, Denver Hatchery. The trays are 
filled with eggs of the Eastern Brook Trout. 
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PLATE IX 
Fishes of Colorado 



Fig. 43. — Salvelinus fontinalis. Eastern Brook Trout (p. 84). i, snout; 2, operculum; 3, gill 

opening; 4, lateral line; 5, dorsal fin; 6, adipose fin; 7. caudal peduncle; 8. caudal fin; 

9, anal fin; 10, ventral fins; 11, pectoral fin; 12, preoperculum ; 

13, maxillary; 14, angle of the mouth. 



Fig. 44. — Fundulus zebrinus. Zebra Top-minnow (p. 87). 



Fig. 45. — Fundtdus zebrinus. Zebra Top-minnow 
(p. 87). Side view of head. 




Fig. 46. — Fundulus zebrinus. Zebra Top- 
minnow (p. 89). Top of head, 
showing the plate-like struc- 
ture of the skin. 



Fig. 47. — Fundulus ftoripinnis. Little Green 
Top-minnow (p. 89). 
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PLATE X 
Fishes of Colorado 



Fig. 48. — Pomoxis sparoides. Calico Bass (p. 94). 



Fig. 49.- Lepomis pallidus. Blue Gill (p. 98). 



Fig. 50. — Micropterus salmoides. Large-mouthed Black Bass (p. 100). 




Fig. si. — Boleosoma nigrum mesaeum. Johnny Darter (p. 112). 



^r-^"^ 




Fig. 52. — Elheosioma cragini. Cragin's Darter (p. 107). 
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PLATE XI 
Fishes of Colorado 



Fig. 53. — CoUus punctulatus. Sculpin (p. 114). Dorsal view of the anterior 
two-thirds of the body. 



Fig. 54. — CoUus punctulatus. Sculpin (p. 114). 



Fig. 55. — Boulder Creek. 4 miles up the canyon. Typical mountain stream habitat, 
with rocky stream bed and shore, and no shore zone of aquatic vegetation. 



Fig. 56. — Portion of Boulder Lake, a typical plains lake with a broad shore zone^-^ j 

of aquatic vegetation. Digitized by VjOOQIC 



PLATE XII 
Fishes of Colorado 



Fig. 57. — Scale of Catostomus commersonii sucklii. Fig. 58. — Scale of Catostomus commersonii sucklii. 

Suckley's Sucker (p. 22). Normal scale Suckley's Sucker (p. 22). 

with apical and basal radii. Regenerated scale. 



Fig. sq. — Scale of Xyrauchen texanus. Fig. 60. — Scale of Notropis cornutus. 

Humpbacked Sucker (p. 30). Common Shiner (p. 52). 



Fig. 61. — Scale of Semotilus atromaculatus. Fig. 62. — Scale of Carassius auratus. Fig. 63. — Scale of Lepomis cyandius. 

Homed Dace (p. 57). A scale Goldfish (p. 36). Green Sunfish (p. 97). 

with apical radii only. 
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FOREIGN DRAMA ON THE ENGLISH AND 

AMERICAN STAGE (SCANDINAVIAN 

AND HUNGARIAN) 

By Cha&ies C. Ayer 
V. SCANDINAVIAN DRAMA 

Though the foreign plays known on the English and American 
stage are mostly from French' and German' sources, with only occa- 
sionally a piece borrowed from some other European^ language, Nor- 
way has produced one dramatist whose name transcends all others 
in the history of the modem theater— Henrik Ibsen (1828-1906). 
This distinguished poet, playwright, and thinker has passed from 
earth so recently that his influence is still keenly alive with us. His 
plays have not yet all been given on the stage in English, but the 
majority of them have become familiar to us in book form. Ibsen's 
conquest of the stage is a simple but interesting story. Germany, the 
real connoisseur, discovered him first. England and America became 
interested and then France took him up, though with the uncomfort- 
able feeling that he was something foreign and therefore not quite 
comprehensible unless perhaps to the frequenters of Antoine's Thidire 
Libre. Within very recent years too some of Ibsen's plays have been 
given in Japan by the foremost of Japanese actresses, Sada Yacco. 
It is therefore clear that no dramatist has ever had a wider influence 
than Ibsen, and yet no dramatist has been more misrepresented than 
he. In Germany at the outset he was received with frankness and 
imderstanding, and why not ? There is nothing in Ibsen which need 
frighten a person. Nevertheless, thirty years ago when his name 
was first heard in this country it was a synon3rm for what, in 

* See "Fweign Drama oa the English and American Stage/' I. French Drama, UnnersUy of Cohrad0 
Studies, Vol. VI» No. 4* PP« 287-97 > June, 1909. 

' See '* Foreign Drama on the English and American Stage." 11. German Drama, UmversUy of Colorado 
Shidiest Vol. VII, No. i, pp. 63-71, December, 1909. 

> See "Foreign Drama on the English and American Stage," m. Italian Drama, IV. Spanish Drama, 
UmversUy 0/ Coiorado SlndkSt Vol. X, No. 3, pp. X49-59> November, 19x3. 
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our present day slang, we term '^high brow.'' Ibsen was supposed to 
be super-intellectual. People who read him were suspected of posing. 
The Ibsenites were the legitimate successors of the Browningites as 
the butt of the jokes of the funny man. But Ibsen survived the 
scoffer. His pla}rs have an ethical and didactic tendency, it is true. 
They are written with a purpose — ^in the ponderous sense of that 
word— but in such a masterly style as to hold the interest of whoever 
witnesses them, be he closet scholar or plain ordinary theater-goer. 
Ibsen is not beyond the comprehension of the average person of 
intelligence. He shows us people of the middle class confronted by 
problems which any person may some day be called upon to meet. In 
A DoWs House (1879) we see £ui ill-assorted marriage, the serious, 
self-centered husband and the doll wife; in Hedda Gabler (1890) we 
find another unhappy marriage between a brilliant but heartless and 
morbid woman and a well-meaning but uncongenial, scholarly hus- 
band; in Ghosts (1881) we have an enthralling study of heredity. 
These plays are frankly pessimistic, but are to the point. They are 
the best known and the most popular of Ibsen's plays on the American 
stage. They have enlisted and will continue to enlist the talents of 
our leading actresses. Among the best-known interpreters of the rdle 
of Nora in A DolTs House are Mrs. Fiske, Mme Alia Nazimova, and 
Miss Ethel Barrymore. In the rdle of Hedda Gabler there have 
appeared Mrs. Fiske, Mme Nazimova, Miss Blanche Bates, Miss 
Nance O'Neil, and Mrs. Patrick Campbell. In Ghosts Miss Mary 
Shaw has been the finest impersonator in English of the grief-stricken 
mother. 

The plays of Ibsen were produced in London in the following order: 
A DoWs House and The Pillars of Society in 1889; Hedda Gabler, The 
Lady from the Sea, Ghosts, and Rosmersholm in 1891; The Master 
Builder and An Enemy of the People in 1893 ; Little Eyolf in 1896. In 
the spring of 1913 The Pretenders, one of Ibsen's historical dramas, 
quite different from those above mentioned, was produced in London 
by Sir Beerbohm Tree, but soon withdrawn. It was in the repertory 
of the Burgtheater of Vienna as far back as 1891. In London the 
chief producer of Ibsen has been an American, Miss Elizabeth Robins, 
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the well-known authoress, who when a young woman also achieved 
a high reputation as an actress in the stock company of the Boston 
Museum. In the season of 1906-7, the late Richard Mansfield gave 
a fine production of the only poetic drama of Ibsen known on our 
stage, Peer Gynt. When Mr. Mansfield had finished with the piece, 
it was taken up by the late Louis James and presented in the smaller 
places the country over. 

As a contemporary of Ibsen of compelling power as a dramatist 
must be mentioned Bjomstjeme Bjdmson (1833-1910). His play. 
Beyond Human Power, dealing with the question of faith healing, was 
presented a few years ago by Mrs. Patrick Campbell. 

One more Scandinavian dramatist remains to be mentioned, 
August Strindberg (1849-1912). His plays, strong, morbid, and 
gloomy, are not likely to become popular on the stage. They have 
for several years been accessible in English translation and have been 
read by advanced readers. Some of them, like The Stronger and 
Mother Love, have been given semi-public production by literary 
clubs. In the spring of 1913 Countess Julia was presented at a series 
of four matin6es in New York. 

VI. HUNGARIAN DRAMA 

It is hard to realize, but it is nevertheless a fact that some of our 
best recent plays are of Hungarian origin. Though Buda Pesth is one 
of the intensely modem, up-to-date cities of twentieth-century Europe, 
the land of Hungary suggests to us rather the wild and impassioned 
rhapsodies and dance rhythms of Liszt and Brahms and the romantic 
atmosphere of Franz Lehar's "Gypsy Love" than it does modem 
drama, such as we should look for in France, (jermany, or England. 
Nevertheless, since the twentieth century came in, three plays by 
Hungarian authors have made their way to America. They are The 
DevU, by Franz Molnar (1878-); Seven Sisters, by Ferenz Herczegh; 
and The Typhoon, by Menyhert Lengyel. That these plays are of 
positive merit and quite out of the ordinary is proved by the fact that 
they have been played all over the United States, and the first two 
have been given by many of the stock companies; and Seven Sisters 
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has been converted into an operetta for Mme Fritzi Scheff under the 
title The Love Wager. The plays are furthermore so different from one 
another from every point of view that, in order to show the variety in 
the present-day dramatic output in Hungary, it will be worth while 
to outline briefly their plots. 

The Devil in itfi general purport has much in common with El Gran 
Galeoto {The World and His Wife) of the Spanish dramatist Echegaray . 
In the Spanish play the catastrophe is precipitated by the breath of 
scandal. A young married woman, adored by her husband, and of 
blameless character, happens to cross the public square in Madrid with 
a young man who is a close friend of the family. The couple are seen 
by an evil-minded person. A malicious rumor is started, which out 
of nothing nevertheless gathers such proportions that the once happy 
family is wrecked. At last the innocent couple, overwhelmed by the 
charges and being equally xmable to prove or disprove anything, are 
forced to rally each to the support of the other. Left alone, deserted 
by all, they are forced to fly together to begin life anew. 

In The DevU, the element of evil appears in the form of the devil 
himself. In this play a young married woman and a young artist, who 
is painting her portrait, are tempted by the devil, and quite against 
their will, to sin. The young woman is happily married and trusted 
by her husband, whom she adores. The artist has a sweetheart and 
has no wish to wrong the husband of the lady who comes to his studio. 
Both parties are honest at heart. Nevertheless temptation, in the 
allegorical form of the devil in modem garb, besets them. At every 
juncture he turns up, suave and insinuating, to tempt them. Both 
struggle, but in vain. The devil wins, and as the distracted couple 
flee at last together he stands in the red and green light, rubbing his 
hands in glee. The DevU as a play is frankly pessimistic, but it is 
interesting and brilliant as to situations and dialogue. Moreover, it 
is not untrue to the actual facts of life as we know them. The devil 
does triumph, not always, to be sure, but often. There is not a day 
that the newspaper does not register some new victory for him. 

At the time that The Devil was produced in this country in the fall 
of 1908, the yellow press, taking advantage of the rather daring and 
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original title, made capital and copy out of it, and succeeded, as 
invariably happens, in baiting a certain well-meaning but gullible 
element of the people, so that protests against the piece were not long 
in appearing. These, as usual, had the result of advertising the play 
and of making it a success financially. As a play it deserved success 
for its dramatic merits and for the brilliant acting of Mr. George 
Arliss in the title-r61e. After all, the devil of Molnar was only the 
Mephistopheles of Goethe in a modem society setting. The old 
idea of the morality play is as potent now as it was in the 
Middle Ages. 

Seven Sisters deals with the rigid Hungarian custom that the oldest 
daughter in a family must be married first. Mrs. Gyurkovics, mother 
of the seven, finds herself in a predicament, as her fourth daughter, 
Mid, aged seventeen, has just been sent home from the convent in 
disgrace, having been caught by one of the nuns in the act of flirting 
with a handsome young lieutenant. Count Feri Horkoy. The dis- 
tracted mother, with this unruly beauty on her hands, sees no way of 
solving her problem except by putting the seventeen-year-old Mid in 
short skirts and long hair and calling her fourteen. The young count 
appears upon the scene and is at first dismayed, but comprehending 
the situation, he takes courage and wagers Mid three kisses that he 
will get her three older sisters married and out of the way within the 
year. Of course he wins his wager. This is the golden thread of the 
story, which is spun out to a four-act farce, filled with capital text and 
laughable inddents. The theme is, to be sure, as old as love itsdf, 
but fortunately in this instance the Hungarian farce has not been 
Americanized and is served to us with the real home flavor. Instead 
of the usual exaggerated horse play of farce, as we know it, we find the 
fun supplied by individual characterization of natural types and by 
the peculiar customs of the country. There are many charming 
touches of Hungarian home life. Altogether Seven Sislers furnishes a 
choice evening's entertainment of innocent merriment. It does not 
leave the spectator pessimistic and cynical as does The DevU, nor does 
it thrill and haimt him for a long time after as does the tragic story of 
The Typhoon. 
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In the latter the dramatist has shown m thrilling and impressive 
fashion the struggle that is going on between the Orient and the 
Occident, founded on deep prejudices of race, religion, tradition, and 
habit. He takes a number of Japanese students and civil servants and 
places them on alien soil to work for the welfare of their native land. 
The scene is laid in Berlin, though any of the world's great capitals 
would have served as well. The Hungarian dramatist has ^own 
extraordinary insight into oriental ideals and Japanese life in par- 
ticular, as is shown in the development of the following story: Toke- 
ramo, a young Japanese nobleman, has been assigned by the Mikado 
to a special diplomatic mission at Berlin. While there he falls into 
the toils of a beautiful adventuress who nearly succeeds in wresting 
his government's secrets from him. Warned by his comrades against 
this dangerous woman, and finally convinced of her perfidy, he casts 
her off. She, in revenge, denounces the diplomat, and Tokeramo, 
goaded on to fury, strangles her to death. Immediately, in order to 
save him because of his value to Japan, one of his fellow-countrymen 
takes the responsibility of the crime upon himself, and is sent to prison. 
Tokeramo is thus saved, but the guilty diplomat soon dies of remorse. 
This is the briefest outline of one of the most powerful plays seen on 
the American stage in many years. It met with great success, which 
was also due largely, it should be said, to the superb acting of Mr. 
Walker Whiteside in the leading part. 

These three plays, so varied in theme, treatment, and setting, show 
us that Hungary is a force to be reckoned with in the drama. 

The most recent play of Hungarian origin to reach America in 
English translation is a delicate little comedy by Molnar, author of 
The Devil, Under the title Where Ignorance Is Bliss, it was produced 
at the Lyceum Theater, New York, September 3, 19 13. In a German 
version imder the title Der Leibgardisi it was given at the Irving Place 
Theater, February 23, 1914, with greater success than when given in 
English. This play, somewhat after the style of The Devil, deals with 
types rather than individuals. We do not learn their names, but are 
told by the program that they are the Actor who is a jealous husband; 
the Actress, his wife, who gives him cause for jealousy; and the Critic, 
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who is a friend of the family. These three characters furnish the 
material for the plot of a drama which is brilliant and witty after the 
style of The DevU. 

A second play by the author of The Typhoon, entitled Prophet 
Percivalj was announced for production in London at Easter, 1913. 
It has not been given in America as yet, and in any case has not 
attracted as much attention as did The Typhoon. 
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COMMON LAW AND MODERN CODES 

By John D. Fueming 
I 

About the year 1613, the year in which he was made Chief Justice 
of the King's Bench, Sir Edward Coke wrote these words by way of 
comment upon Littleton's exhortation to his student to have regard 
to the science of well pleading: ''Here b to be observed the excellency 
of good pleading, and Littleton's grave advice that the student should 
employ his courage and care for the attaining thereof, which he shall 
attain unto by these means, first, by reading; secondly, by ohservalian; 
and thirdly, by use and exercise. For in ancient times the sergeants 
and apprentices of the law did draw their own pleadings, which made 
them good pleaders." And he adds one of his quaint etymologies 
to the effect that placitum, a pleading (observe that he is speaking 
not in terms of prophecy), is derived from placendo, ''because it pleases 
everybody"!* 

Coke refers the perfection of the art of pleading to the reign of 
Edward HI. "In the reign of Edward III," he says, "pleadings 
grew to perfection wUhout lameness and curiosiiy^ And Lord Hale 
observes that though pleadings in the time of some later sovereigns 
were "far shorter than afterwards, especially after Henry VIII, yet 
they were much longer than in the time of ELing Edward III; and the 
pleaders, yea and the* judges, too, became somewhat too curious 
therein; so that art or dexterity of pleading, which in its use, nature 
and design was only to render the fact plain and intelligible^ and to bring 
the matter to judgment with a convenient certainty began to degenerate 
from its primitive simplicity, and the true use and end thereof, and 
to become a piece of nicety and curiosity.^* And Lord Hale accoimts 
for this needless length and nicety in part by the fact that the plead- 
ings were mostly drawn by the clerks who were paid according to their 
length and therefore took care not to study brevity.' 

> 3 Co. LU. p. 376. • 4 Min. Inst. p. 608. 
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What is the inherent difficulty in these mutual altercations between 
the plaintiff and defendant ? Their obvious purpose is to analyze the 
merits of the cause, and to ascertain the precise subject of controversy 
preparatory to trial. We are told that the sergeants and apprentices 
in the old days drew their own pleadings. After the abandonment 
of alternate allegations by word of mouth by the parties or their 
counsel they would naturally fall into certain formulaey and we gather 
from Reeve's History of English Law that as early as the time of 
Edward I the declaration was drawn with form and precision and was 
liable to be excepted to if deficient in either of these qualities.' But 
certain logical processes have not changed in all these centuries; and 
with all our progress and the demands of an advanced civilization 
certain necessities survive. For example: A holds B's bond for $500, 
and proposes to institute suit upon it. Being a teacher of law, I 
once asked a group of young men, novitiates in the subject, to draw 
up and submit to me, not necessarily in the dialectics of pleading, a 
statement of that cause of action. It was surprising how closely 
the best of them approached the accepted formula: 

This man B owes me, A, $500, as witness his bond here, which I now show to 
the court; yet he has not paid me. 

Surprising, I say, even to the making of profert, about which these 
young men had received no instruction; and they were put upon 
honor against consulting the precedents or seeking outside assistance. 
Some failed, of course, but all sought for the essential allegations, and, 
what is to the point, having foimd them, as they thought, stowed 
them away for future use. With what joy they read the case of 
Henry HaweP Henry Hawe, on Sunday, August 21, 1664, was at 
church in the parish of Wockingham, and during the service kept his 
hat on, when John Planner, who was one of the churchwardens, 
requested him to take his hat off, which Hawe refused to do; where- 
upon Planner took it off, and Hawe brought this action. 

I suspect that under the modem codes the complaint in the case 
of this resolute Quaker imder different hands would have shown a 
widely varying intensity of thought, feeling, and expression. But 

> 2 Re€ve*s Hist. Bni. Law p. 264. * x Satmd. p. 10; 4 1^*** Z^'* P* 603. 
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how majestically the old declaration of trespass vi et armis marches 
along! 

Henry Hawe conq>lains of John Planner of a plea of trespass, for that he, on 
the 4th of September, 1664, with force and arms, made an assault upon the plain- 
tiff, and beat, wounded and ill-treated him, so that his life was greatly despaired 
of, and other wrongs to him did, against the peace of the King, and to the damage 
of the plaintiff in £700; and therefore he brings his suit. 

Five lines upon the printed page ! Mighty causes have thus arisen 
and been decided. The Dred ScoU CasCy which inflamed half a great 
nation, and perhaps provoked a war, but never a shot at the pleadings, 
was a simple action of trespass; likewise LiUher against Borden (Dorr's 
Rhode Island Rebellion) which enriched both precedent and history, 
and saved the day for the reformers, for the time at least, if it did not 
furnish models for their pleadings, three-quarters of a centiuy later in 
Oregon's initiative and referendiun case;' while the Dartmouth College 
Casey decided in 1819, spite of the storms and criticisms of a centiuy, 
such as perhaps no other case ever called down, stands today firmly 
rooted in a declaration of trover. 

Does the garb of these pioneers, trover, trespass, case, assumpsit, 
offend you ? Would you cut out now as vanity such phrases as " so that 
his life was greatly despaired of " as above or ''against the peace of the 
Eling" or people ? Remember the buttons on the tails of your coats. 
Aside from their historical significance, of which the young have ever 
to be reminded, these embellishments in old pleadings have for me 
a peculiar charm even when their utility b no longer perceived. So 
with their respective defenses, to be presently briefly noted, not 
omitting the special traverse of the absque hoc, I recall an answer 
served upon me by a gentleman of the old school some years ago in 
an action for damages for taking timber from the public domain. 
It began: 

The defendant, by J. Sam Brown, his attorney, comes and defends the wrong 
and injury when and where it shall behoove him, and the damages and whatsoever 
else he ought to defend, and says — 

Did I move to strike any of that out ? No ; for several considerations. 
I may not have been able before Judge Hallett. Besides, it worked 

«**Ptc. SUtes eU. Co. v. Oregon/' 225 U^, p. xx8. 
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no harm, and did not add much to the record. Then, too, that old 
common-law formula of ''full defense/' standmg there at the top of 
the page apprised me of the fact that I was to be met by no demurrer 
or dilatory plea, but by a plea to the merits, and, moreover, it fired 
my imagination, like "doubloons,'' or "pieces of eight," in a story 
book. 

I once ran across a record of a mining claim called the Nisi Prius. 
I knew that a lawyer had been there in the mountains or thereabouts. 

I should here explain perhaps that it is not the purpose of this 
paper to advocate a return to the system of common-law procedure, 
with all its special pleas, its feigned matters, such as, for example, 
that intricate and subtle fiction which the term "express color" came 
to represent. It were well, indeed, if a certain residuimi of these old 
forms were not lost sight of. But my present object is mainly to 
refresh the recollection and to show that some of these things are really 
not so absurd as they seem. 

Consider for a moment the much-aspersed special traverse. I 
may be pardoned if I remind the reader that its essential requisites 
were (i) an inducement containing an averment of new matter con- 
stituting an indirect denial of some material allegation in the adverse 
pleading; (2) the absque hoc or et nan clause, constituting a direct 
denial of the same material allegation in the language in which it is 
made; (3) the conclusion, or oflfer of verification. For example, if 
in an action of debt on a bond the defendant should plead that he 
executed the bond under duress, the plaintiff may reply alleging new 
matter by way of inducement, to the effect that the defendant exe- 
cuted it of his own free will, and for a valuable consideration, without 
this {absque hoc) that he executed it by duress.* A learned author 
justly says that "this method of controverting a point by argument 
occurs in everyday disputation. Any person inexperienced in plead- 
ing would naturally meet the point of duress in the example 
mentioned by saying in behalf of the plaintiff (if the facts were at 
his command), 'the plaintiff paid full value to the defendant for the 
bond, which is a fact inconsistent with and repugnant to the pre- 

« GomU, PI. ch. vil, tecs. 7-«. 
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tended fact of duress, and therefore I say it was not executed under 

duress/"' 

I heard two boys disputing. One said to the other: 

"You swq)ed my sled at the Hill School yesterday." Plea by the other: 

"I never was at the Hill School in my life, and I didn't take your old sled, and I 

can prove it." 

Now, here was the "special traverse'* with a vengeance — the 
indirect and direct denial, then the verification — everything complete, 
and issue joined, and trial at once by battle. No mystery or lawyer's 
trick about this. And so, out of its naturalness, or its human qualities 
perhaps, the special traverse took its place. 

II 

Once upon a short time a man had a niunerous family of children, 
with good old-fashioned names, John and Rebecca and Samuel and 
William and Mary Jane. Seized by the spirit of reform he resolved 
to abolish these names as utterly useless and confusing. But one day 
he wanted one of them, and he said to his eldest-bom, but with some 
hesitation, "Here — ^you — ^you boy that I used to call John — come up 
here." Did he hope to save time and trouble by his expedient, or 
to escape the essential and enduring, if distracting, distinctions 
between William and Mary Jane? 

If one wrongfully took and detained my horse, I had at conmion law 

the choice of redress in four forms of action, perhaps five, especially 

if the horse were sold — ^trespass, trover, detinue, replevin, assumpsit. 

My punishment was swift and deserved if from professional indolence 

or negligence I chose the wrong one, or sought to avoid the trouble 

necessary to such a perfect understanding of the case as would be 

requisite to adapt the declaration, or failed to consider the pleas 

according to the particular circumstances existing in it. 

An idle attomey besought a brother 
For something to read, some novel or other, 
That was reaUy fresh and new. 
"Take Chitty," replied his legal friend, 
"There isn't a book that I could lend 

Would prove more novel to you." — ^J. G. Saxe. 

« If or. Cfv. Proc. CZ. p. ajg note. 
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Judge Gibson of Pennsylvania declared that known modes of 
procedure according to the common law ought never to be changed 
but to avoid some practical mischief or serious inconvenience/ while 
another distinguished judge of that state thought that the Pennsyl- 
vania act abolishing pleading a fruitful source of writs of error J* I 
should pass hurriedly over this field, but I cannot refrain from quot- 
ing from yet another Pennsylvania case, a later one, 1889. A quantity 
of hams had been sold and delivered to one Sides, Mr. Justice 
Mitchell, declaring that the plaintiff's statement was at least three 
times as long as a declaration in the established forms need have 
been, said: 

This case affords one among many examples of the failure of the so-called 
reformed procedure to accomplish anything towards the brevity, the clearness, the 
accuracy or the convenience of legal forms. So long as the fimdamental principles 
of our remedial jurisprudence shall be, that upon conflicting evidence the jury 
shall ascertain the facts, and upon ascertained facts the judges shall pronounce 
the law, so long will it be a cardinal rule of pleading, by whatever name pleading 
shall be called, that the line of distinction between facts and the evidence to prove 
them shall be kept clear and well defined. The notion of the reforming enthusiast 
that the average litigant or his average lawyer can make a shorter, dearer, or less 
redundant statement of his case if left to his own head, than if directed and 
restrained by the settled forms, sifted, tested and condensed as they have been by 
generations of the accutest intellects ever devoted to a logical professbn, is as 
vain as that of any other compounder of panaceas.' 

Influenced by such considerations, perhaps, many lawyers to this 
day prefer to have even a power of attorney begin, ''Know all men 
by these presents." 

From Kentucky come the same criticisms;^ while this stricture 
is from the Supreme Court of the United States in a case which came 
up from Texas. Mr. Justice Grier: 

Had this case been conducted on the principles of pleading and practice known 
and established by the conmion law, a short declaration in assumpsit, a plea of 
nofHUsumpsit, and of nofhossumpsU infra sex annos, would have been sufficient 
to prepare the cause for trial on its true merits. But unfortunately the District 
Court (of Texas) has adopted the system of pleading and code of practice of the 

* 2 Pmirm 0itiW,p, 404* * "Hnbteid ▼. Tcnbraok," 1*4 ^<* ^ P* *9i* 

•85Mrf. milLp. 965; 4 1^^ /m^ P* 609. « 14 B. Mem* 85. 
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State courts; and the record before us exhibits a most astonishing congeries of 
petitions and answers, amendments, demurrers, and excq>tions^-a wran^e 
extending over more than twenty pages, and continued nearly two years, in which 
the true merits of the case are overwhehned and concealed in a mass of worthless 
pleadings and exceptions, presenting some fifty points, the most of which are 
wholly irrelevant, and serve only to peiplex the court, and impede the due adminis- 
tration of justice. The merits of the case, when extricated from the chaos of 
demurrers and exceptions in which it is enveloped, dq>end on two or three ques- 
tions, simple and easily decided.' 

Ill 

Have the judges in Colorado had any experience with those who, 
disdaining the trammels of custom, have sought ''out of their own 
heads" to do things ? Let ns see. It is a far cry through these three 
centuries from the days of Edward m, when pleadings were ''without 
lameness and curiosity." "Old Time hath a wallet on his back 
into which he puts alms for oblivion." The distinctions between 
actions at law and suits in equity, and the distinct forms of actions 
and suits theretofore existing, were abolished in Colorado in 1877, 
and one form, the same for law and equity, denominated a civil action, 
was ordained for the enforcement or protection of private rights and 
the redress or prevention of private wrongs.* True, the distinction 
between contract and tort apparently remains in the constitution,' 
from which it will probably refuse to be driven by the legislature; 
but the names of our old friends debt and detinue, assimipsit, trover, 
trespass, case, replevin, ejectment, forcible entry and detainer, still 
appear in the registry of the general statutes, enacted before and since 
the Code,^ and all come up on occasion to be voted, unconscious of 
the fact that they are dead; forcible entry and detainer even to this 
day boisterously advancing "with strong hand and multitude of 
people," the dress that he wore, or the identical company that he 
kept, in the 5th of Richard II in the year 1381!^ 

The answer to my query is found in the response, tentative per- 
hi^s, but courageous, of our Supreme Court to the act of the General 



I T. Tchy,** 21 Hw». p. 5x7. 

• CW0. C0i€, *77* MC X. « Rm, St. Colo. 1908, wbot, 4061, 406s, 7958. 

• Colo, Bitt Mitktt, Mc xa. • Bm. Abr, For, Bitt. A. 3ax; MiU^ Am. St., mc. 1970. 
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Assembly of 1913 empowering the court to prescribe rules of practice 
and procedure in all courts of record and to change and rescind the 
same.* This act was the subject of an interesting paper at the last 
meeting of the Colorado Bar Association, by Mr. Thomas H. Hood, en- 
titled * 'Unshackling the Courts '* f and the rules themselves, adopted 
by the Supreme Court on the 19th of June last, have been printed and 
went into effect the second Monday in September. Mr. Hood thought 
that a precedent for the act substantially was found in the English 
Judicature Act of 1873. This is no doubt true; but the English in 
these matters have passed from precedent to precedent. 

A short reference to some of these may not be out of place. It 
has been aptly said that in the old days the maxim of the conmion- 
law courts seemed to be "No writ, no remedy"; but in extenuation 
it may be added that in the age of Glanvill if the clerks in chancery 
had no writ to suit the case they got busy and made one; made them, 
that is, until restrained by the Provisions of Oxford in 1258 in the 
turbulent reign of Henry HI, which commanded the chancellor to 
issue no more writs, except writs "of course," without direction of the 
King and his coimdl. This in turn a few years later (i 285) occasioned 
the Statute of Westminster H, which provided that — 

Whensoever from henceforth it shall fortune that m one Case a Writ is found, 
and in like Case falling under like Law, and requiring like Remedy, is foimd none 
the Clerks of the Chancery shall agree in making the Writs. 

Or, if the plaintiff and the clerks cannot agree, the matter shall be 
referred to the next parliament, when — 

by Consent of Men learned in the Law, a Writ shall be made, lest it might happen 
after that the Court should long time fail to minister Justice to Complainants.' 

Says a late learned work, speaking of the period prior to the Provi- 
sions of Oxford: *' A new form of action might easily be created. A 
few words said by the Chancellor to his clerks — 'Such writs as this 
are to be issued for the future as of course' — ^would be as effectual as 
the most solenm legislation. As yet there would be no jealousy 
between the justices and the chancellor, nor would they be easily 
induced to quash his writs."^ 

« Sus. Lams, tgts p. 447* * X3 Sdm. I ch. 94; Imp. Bng. Sta$, p. 16. 

• R$p. CoU, Bar Assn. iQ'S P' 983. « Pa. 6r Mait. p. 149. 
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We may be pardoned a simple illustration showing how the Statute 
of Westminster II worked out. Thus, before the statute, if A threw 
a stick at B and it hit him, A was guilty of a trespass. But if A 
simply threw a stick in the road and B fell over it and barked his 
shins, A was not guilty of a trespass. The statute gave a remedy 
in the second case as well as the first. And the new action was called 
"Trespass on the Case"; and lies to recover damages for the indirect 
or consequential result of the force applied. So out of this statute 
grew up "Trespass on the Case on Promises," or "Assumpsit," as it 
came to be called. 

A tramp strolling by a hay field saw the laborers there vainly 
striving to get the hay under shelter against an approaching storm. 
He jumped over the hedge and the hay by his help was safely housed. 
He had not been asked. Could the tramp recover for his labor? 
No — ^not before the Statute of Westminster.' Reflecting on the 
justice and conscience of a plaintiff's cause, such as this, induced 
Lord Mansfield to say that the action upon the case was in the nature 
of a bill in equity, and, in effect, is so." 

The act of 1833 delegated to the judges in England the same task 
of reform which now seems committed to ours, and in pursuance 
of that statute, though all was not done which was permitted, were 
promulgated the celebrated Hilary Rules of 1834. Among other 
reforms those rules still further abbreviated the pleadings, and greatly 
narrowed the scope of the general issue in pleas, substituting allega- 
tions better adapted to ascertaining with definiteness the subject of 
dispute.* 

There is to be perceived here in this imperfect sketch of the growth 
of the procedural law of England, sometimes retarded, sometimes 
aided by legislation, a tendency over all to leave it to those "learned 
in the law," to the judges, to work out that better maxim, "No right 
without a writ," "No wrong without a remedy," which finally became 
the boast of its jurisprudence. Pity it was, perhaps, that in the 
process the courts of the common law did not work out that remedy 
so as to make it "plain, adequate and complete " for all the altercations 

> Kwm^i Cssa 0» PL p. 144. 

• " Bird V. Randall/' 3 Bm. p. X345> * 4 i^^tii. Inst. p. 609. 
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of men. Blackstone, referring to the action of trespass on the case, 
says that this ''provision (with a little accuracy in the clerks of 
Chancery, and a little liberality in the judges, by extending rather 
than narrowing the remedial effects of the writ) might have effectually 
answered all the purposes of a coiu^ of equity; except that of obtain- 
ing a discovery by the oath of the defendant."' Nor is there wanting 
a more modem witness. Austin says, characteristically, that '' Equity 
arose from the sulkiness and obstinacy of the common-law courts, 
which refused to suit themselves to the changes which took place in the 
opinion and in the circumstances of society." Nor yet one other more 
ancient and grave: Fairfax, a very learned judge of the time of 
Edward IV, was of the opinion that the subpoena (in chancery) would 
not have been half so much in use if the common-law judges had been 
alert and ''maintained" their jurisdiction.' 

There were other common-law writs besides that of Case which 
performed the function of a bill in equity. Such was the writ of 
Ne injuste vexes, for example, which restrained a grasping landlord 
from distressing his tenant; the writ of Curia daudenda, which com- 
pelled an adjoiner to put up and keep up his part of a line fence; and 
the more familiar writ of EsUrepment for the prevention of waste. 
These writs, it will be observed, were personal and coercive rather 
than compensatory or in rem; and their history appears to justify 
Blackstone's strictures. Suppose, in the case of the last-mentioned, 
the judges had extended its remedial function to the protection of 
shade and ornamental trees, as, it seems, they might, instead of 
narrowing it for the preservation of timber trees alone, as in fact they 
did — ^would not some fish been spared the chancery net? These 
digressions need not be pursued; but in this connection it perhaps 
remains to be said that if the only equity quality lacking in these 
common-law writs was their power to compel a discovery, as inti- 
mated by the great English commentator, then one line of statute law 
could have added that power, xmless, indeed, some judge had been 
previously found to screw his courage to the sticking point. Then in 
due time would the age-long controversy between law and equity 

' 3 m. Com. p. 51. ■ a CkiUy, Bl. p. 4a, note dUng r,B, ai Bim, IV p. as- 
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have been settled, at least so far as the fonun and methods of pro- 
cedure for the prosecution of suits are concerned, and the great judge 
whose name is mentioned at the beginning of this paper would have 
been spared the humiliation of having his judgments at law justly 
arrested by an injimction from a chancellor by no means his peer 
in learning or virtue and after a contest the bitterest in judicial 
history. 

It is neither desirable nor necessary for me to comment upon all 
the recent rules; but one especially is in accord with the spirit of my 
theme. It is rule 7, as follows: 

When it appears that the issues of fact are not clearly defined by the pleadings, 
the parties before trial, on motion of either, or by order of the court or judge, 
may be directed to prepare and sign a statement defining such issues. If they 
do not agree, such issues shall be settled by the court or judge. The trial of facts 
shall be limited to those thus fixed. The statement of such issues shall be filed 
with the derk, and with the exceptions thereto, if any, duly noted thereon, signed 
by the judge, shall become a part of the record in the cause. Such statement 
may be amended. 

In the opinion of the writer, rule 7 above ju " ' " 
and the solicitude of the Colorado Bar Associai 
the law authorizing it, through the legislatur 
change the forms of actions, nor effect any radica 
They seek to expedite justice, to reduce the nu 
before the Supreme Court, to minimize the nur 
cases which are to be considered there, and 
courts and members of the bar, as well as the < 
clearer appreciation of their responsibilities. I 
authorizes these reforms aright, and understan< 
who fostered it, we have here an attempt to 
phrase of the president of the Colorado Bar Ass 
address of last year, ''to the original traditions 

It is hoped that the rules will not be greatly r 
as the Colorado Code of Civil Procedure is, wi 
any human product must be, it is incompara 
simpler) to that of any of the other state co 
familiar. The Illinois Practice Act, which is th 
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tempered by statute, is to many desirable. But "the merits of the 
New York Code will have to be diligently sought for in nearly four 
thousand sections of statute law, burdened with a gloss of coimtless 
decisions."' Missouri, its eldest daughter in the code system, has 
twice as many sections as Colorado. Ohio, California — ^but why 
enumerate? Their acts are "as the stars for multitude." Of the 
new English system of procedure, writing a few years ago, a learned 
author says: "Its merits will have to be ascertained from the Annual 
Practice Compilation, which presents to the student an intricate and 
tangled net of statutory provisions, court orders, and judicial inter- 
pretations."' One of the distinguished gentlemen who participated 
in the formulation of these rules told the writer recently that after 
inviting suggestions, upon the passage of the act by the legislature, 
from eminent jurists and practitioners the coimtry over, his committee 
was surprised at the number of recommendations received which had 
been anticipated and carried out in the Colorado Code more than 
thirty years before. 

Time, perhaps a short time, will test the merits of the new rules. 
But there should be a division of responsibility in their working out. 
"The excellence of a procedural system is to be tested by the ease 
with which it lends itself to practical use. As practice discloses 
weakness in its fabric the practitioners themselves should be free to 
devise amendments and changes calculated to remedy such defects. 
The users should be also the designers and adjusters."* I do not 
speak with authority, but I venture to say that the judges will them- 
selves welcome all proper suggestions in this behalf. 

To what end? To the end that "old father antic, the law," to 
use Falstaflf's phrase, may be cured of his "lameness" and strike a 
steady pace. 

> if Of . Cff . ?Toc. ex. p. 339. • Ibid. 

> SUMDERLAMD, in Rep. Am. Bar Asm. Vol. XXXVm, p. gtt* 
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AN APOLOGY FOR THE CHURCH'S 
PERSECUTION OF SCIENCE 

By Donald McFayden 

The incessant conflict between science and religion is a phenome- 
non which must interest every student of history. The story of this 
conflict in the Christian centuries has been told by Dr. Andrew D. 
White in two fascinating and learned volumes.' But most accounts 
of the struggle, not excepting even Dr. White's, leave the reader un- 
satisfied. He rises from their perusal with a sense of bewilderment. 
Why should this thing be ? Just why has nearly every advance that 
science has made encountered the church's opposition ? Few his- 
torians, not even Dr. White himself, give an adequate explanation. 
One gets the impression from them that the church simply has been 
crimmally stupid. Now no man is ever consciously stupid and no 
good man is ever consciously a criminal. Any tendency which has 
been shared by any considerable body of intelligent and conscientious 
men must have had some justification, real or apparent, in both reason 
and morality. The justification (not the folly) of the church's oppo- 
sition to science has been the cause of that attitude. It is necessary, 
therefore, for the historian to try to understand that justification. 
For lack of such imderstanding the ordinary books upon the subject 
are wanting both in truth and in interest. They degenerate from 
tragedy to melodrama. They represent the struggle as one between 
light and darkness; truth and error; absolute right and absolute 
wrong; whereas it has been in reality a struggle between two rights, 
two methods of approaching truth, two vital hmnan interests. 

It is the piupose of this paper to point out three causes for the 
church's intellectual conservatism: (i) a marked divergence in aim 
and interest between science and the church; (2) an imfortimate but 
very natural misapprehension on the part of the church as to the 

■ Whiis, Amdixw DiCEwm, A EisUry tS Uk Watfan t(f SdmM with Tksoloty mi CkHstmdom. New 
yofk,x8Q6. 
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essential nature of her teaching; (3) a fundamental difference in 
premises and logical method between scientific and religious thought. 



The heart of the conflict centers around the claim which every 
church makes for its doctrinal standards. Every church insists that 
its essential teachings are ultimate truths. To take a concrete 
example: All churches of the Catholic order and all or ahnost all 
churches which originated in the Reformation era insist, explicitly 
or implicitly, upon the inerrancy of the Nicene Creed. Orthodox 
Christianity holds that every statement in that famous docimient is 
absolute and final truth; and that no doctrine which is out of harmony 
with any statement of the Nicene Creed can possibly be true. It 
insists that human science and philosophy is ever in a state of flux; 
that scientific theories are framed and gain acceptance only to be 
overthrown by the scientists of succeeding generations, but the creed 
abides and will abide. However strong the evidence for any idea 
which is opposed to any article of the creed may be, and however 
imposing the array of authorities may be, that accept such a doctrine, 
more accurate thinking or the discovery of new evidence will ultimately 
cause men to reject it and will bring them back to the teaching of the 
creed. In the meantime wisdom as well as duty demands that we 
hold fast the faith once (and for all) delivered to the saints. 

''It is magnificent; but it is not war," exclaimed the French com- 
mander at Balaklava as he watched the charge of the Light Brigade. 
The confidence with which the church reposes upon the Nicene Creed 
is magnificent; but, the scientist is apt to urge, it is absurd. Would 
anyone dream of making such a claim for any other ancient dociunent ? 
There are Platonists in plenty among us; but what Platonist thinks 
of asserting that his master was inerrant ? Historians regard Thucydi- 
des with unbounded admiration; but they do not hesitate to ques- 
tion his conclusions. No one but a fool would maintain the inerrancy 
of Galen. Philosophy and science and historical method have made 
many advances since ancient times, and the goal is not yet. No 
scientist, whatever his branch, ventures to regard his views as beyond 
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revision. Every true scientist takes for granted that succeeding 
generations will know more than he and will make over his ideas. Is 
it common-sense then to ascribe inerrancy to any docimient of the 
fourth century or of the sixteenth ? 

Is it not in the highest degree pernicious ? Has not the church's 
insistence on the inerrancy of her creeds been the chief barrier in the 
path of the onward march of thought? What else interrupted the 
progress of discovery during the thousand years of the Middle Age ? 
The outburst of scientific discovery which characterizes modem times 
dates from the overthrow of the principle of authority by the men of 
the Renaissance. Fortunately the church's attempt to hold thought 
still cannot permanently succeed. For. truth is mightier than the 
church. The course of human thought is strewn with the wrecks of 
once-accepted ideas, theological as well as scientific. But if experience 
is unable to convert the church from her futile opposition to all 
intellectual change, ought not reverence itself to teadi her that 

Our little systems have their day, 

They have their day and cease to be; 

They are but broken types of Thee, 
And Thou, O Lord, art more than they. 

To all of which the church is apt to reply that the scientist is con- 
fusing two entirely distinct things. There is a wide difference between 
the Nicene Creed, for instance, and other docimients which have come 
down to us from ancient times. The works of the andents which the 
scientist dtes are human production; whereas the Nicene Creed is not, 
in the last analysis, a human product at all. It is the embodiment of a 
divine revelation and as such should be implidtly accepted. Reduced 
to a syllogism, the church's argument for the inerrancy of the Nicene 
Creed is as follows: 

Error inheres in the products of the human mind. 

But the Nicene Creed is not the product of the human mind. 

Therefore the Nicene Creed is inerrant. 

(The attitude of any church toward any of its authoritative formularies 
may be reduced to a similar syllogkm.) It is not too much to say that 
not a single member of this syUogism, its major premise, its minor 
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premise, its conclusion, not even its logical correctness, will be ad- 
mitted by a historically trained unbeliever. 

The minor premise he instantly denies. The history of the ^cene 
Creed is too weU known. The steps in the process of its formulation 
can be followed in considerable detail. They form a logical chain. 
Nowhere is the historian obliged to posit a divine interference with the 
human thought-process to account for the result. There is nothing 
to show that the creed is not as truly a product of human minds (and 
hearts) as any other document which has come down to us from the 
ancient world. 

The conclusion of the syllogism appears equally unable to stand 
examination. It seems quite clear that as a matter of fact the Nicene 
Creed does contain errors. It asserts for example that Jesus the third 
day after the crucifixion ''rose again according to the Scriptures and 
ascended into the heavens and sitteth on the right hand of the Father." 
Honestly interpreted — interpreted, that is, according to their original 
meaning — these articles of the creed assert that on the third day 
Jesus' soul rose from a repository of dead souls beneath the surface of 
the earth (see the Apostles' Creed) and rejoined his body in the grave. 
His reunited person then (after an interval of forty days) ascended 
through the (seven) concentric heavenly hemispheres which overarch 
this (flat) earth to where, at the zenith, God the Father sits enthroned. 
These assertions of the creed are clearly erroneous. No one any longer 
believes that the souls of the dead are assembled in a cavern within 
the earth; and no one any longer believes in the seven heavenly hemi- 
spheres or that God is enthroned at the zenith. (''Which zenith?" 
die modem man pertinently asks.) Jesus simply cannot have done 
what the creed says he did. Copernicus has made its assertions for- 
ever incredible. To the church's contention that the creed cannot 
possibly contain errors, the historian answers that the fact is that 
it does! 

Passing over for the moment the major premise (we shall see later 
on that it is at best only a half-truth, fortunately for the church and 
for us all) , let us proceed to examine the logic of the argument What 
does the churchman mean by his minor premise ? If the creed be not 
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a product of the human mind, how was it produced ? The church- 
man's account of the origin of the Nicene Creed is this: God the 
Father, realizing on the one hand man's inherent inability to arrive at 
absolute truth unaided, and, on the other, man's need of truth, sent 
to earth the Second Person of the Blessed Trinity. God the Son 
revealed to his apostles the truth that man needs. The truth thus 
received the apostles handed on to their successors. The latter 
handed it to their successors in turn, the Holy Spirit who presides 
over the Catholic church safeguarding the correctness of the trans- 
mission meanwhile; until finally the divine message foimd clear and 
permanent formulation in the Nicene Creed. But that God is triune, 
that Jesus was the Second Person of the Trinity incarnate, that there 
is a Holy Ghost and a Catholic church are some of the very things the 
creed was drawn up to assert. The truth of these assertions therefore 
is assumed in the premise of the argument intended to prove their 
inerrancy. That argument in fact reduces itself to this : The Nicene 
Creed is true; therefore it cannot be falsel It involves a peHtio 
principii; and the calmness with which the unbeliever always ignores 
the argument proves that he feels even when he cannot define the 
fallacy. 

The fact is that the famous argument which we have been examin- 
ing is really not an argument at all but a confession of faith, a formal 
expression of the church's conviction that her teachings are finalities. 
That conviction all Christians share. It is an integral part of the 
Christian faith. But to the unbeliever it is unmeaning, if not absurd. 
To many it seems a priori impossible that Christian doctrine or any 
other doctrine should be final. To them Christian certainty appears 
intellectual Bourbonism, a futile and hateful thing, the source of 
countless persecutions, the buttress of error and the foe of honest 
thinking; Christian theology, a bundle of exploded errors; and 
Christianity itself something which must pass away and give place 
to something better; which will pass away in its turn. 

Let us grant for the moment that history and logic are wholly on 
the side of the unbeliever. The historian is not thereby absolved from 
the task of studying and accounting for the church's belief in the 
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finality of her teachings: for that belief is one of the most pregnant 
of historical facts. Out of it has come, for one thing, the whole con- 
flict with which we are here concerned. 

n 

An explanation of the church's insistence upon the inerrancy of 
her teachings is suggested by the passion which Christian apologists 
always bring to their defense. Men's opinions can often be explained 
from their interests. What manufacturer of a protected article ever 
believed in free trade ? Beliefs often have motives as well as logical 
grounds. May it not be that there is some religious interest to which 
the idea of inerrancy appeals ? 

The oft-made suggestion that the church's insistence upon the 
inerrancy of her teachings is due to her desire to dominate men's 
souls — ^is simply a piece of priestcraft in other words— will not suffice. 
Priestcraft, good or bad, has often been, and still is, a determinant in 
the church's policy. But no sane historian and no sane observer of 
life is any longer content to account for any deep-seated feature of the 
church's life by the simple explanation which satisfied Voltaire. Reli- 
gion simply cannot be an invention of the priests. Moreover, the 
church's opposition to science has not been confined to her priests. 
The devout layman has often shown himself at least equally hostile. 
The foes of modem biblical science, for example, are at present more 
numerous among the laity than among the clergy. There must be 
some craving in the hearts of the religious man as such which the, 
doctrine of inerrancy satisfies, some interest of the religious life as 
such which the denial of that doctrine imperils. 

That interest is not difficult to discern. There is an obvious human 
craving which belief in the inerrancy of the church's teaching satisfies. 
All men crave for certainty, for a rock of absolute truth upon which 
they can rest thdr lives in serene confidence that no advance in the tide 
of knowledge can ever overtop it or sweep it away. That craving cor- 
responds to a real need. Men need convictions. Where there is no con- 
viction there can be no restfulness of heart, no vigor of life, no courage, 
and no character. Now it is the function of a church to breed in 
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men peace and courage and character. She can perform that function 
in no Other way than by furnishing men convictions. It is not enough 
that she teach helpful doctrines. She must, if she is to succeed in her 
task, teach her members that those doctrines are absolute truths. The 
inerrancy of the church's t^virhing is for her a hcus standi atU cadendi. 
Unless she holds her teaching to be inerrant, and convinces her con- 
verts that it is inerrant, she must fail in her mission and be uprooted 
as a cumberer of the groimd. She will always find those who will 
gladly share her assurance. Those who find in her doctrines solace 
and salvation will be eager to accept and defend their inerrancy. 

One root of the conflict between the church and science is here laid 
bare. Science and the church have different interests. The scientist 
is in search of wider knowledge and a deeper understanding of things. 
His animating conviction is that he does not know. Doubt is the very 
life-breath of science. The implicit acceptance of existing conceptions 
means for science paralysis. On the other hand, doubt is the paralysis 
of the soul. Conviction is the only possible fount of human activity 
and peace. The church, as the physician of the soul, must war upon 
doubt as upon the soul's chief disease. The opposition in interest 
between science and the church could hardly be more radical. What 
wonder if it has often led to open conflict ? When we recall the effect 
of doubt upon character, the church's frequent efforts to inculcate 
intellectual Bourbonism become intelligible. They seem almost 
salutary. 

ni 

But no belief can be accounted for simply by the will to believe. 
The most alluring belief cannot be entertained xmless in some measure 
it satisfies the intellect as well as the heart. At the very least it must 
be thinkable. If widely held by rational men, it cannot be utterly 
absurd. The inerrancy and finality of the Christian faith has in all 
ages been widely held by rational men. We are impelled to inquire 
whether the finality of Christian doctrine is after all so inconceivable 
as it is sometimes represented. For once the field of formal logic seems 
attractive. We are tempted to explore it that we may ascertain 
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where, if anywhere, finality resides and whether by any chance Chris- 
tian doctrine belongs in the same locality. It is worth while for us, 
even as historians, to make clear to ourselves the essential nature of 
the Christian faith, to classify it logically and to determine the logical 
method by which Christian assurance is arrived at. 

It is not in the religious sphere alone that man needs convic- 
tions. Conviction plays a necessary part in the most mundane affairs 
of life. A half-mile or so from where I sit there is an irrigating ditch. 
On that irrigating ditch depends in part the fertility of a beautiful 
valley. The existence of that irrigating ditch is due to a conviction, 
the conviction, namely, that water can be depended upon to run down 
hill. Should that conviction be shaken, the ditch would quickly be 
allowed to fall into ruin. The illustration is typical. Every act of 
man grows out of a belief. I go home to dinner because I believe that 
dinner awaits me. The discovery that certainty is irrational would 
be the most terrible calamity which could happen to the race. It 
would put a stop to all human activity and mankind would perish in 
a day. Of course there is little danger. Common-sense protests that 
there are some things of which we can be absolutely sure. We know, 
for instance, that water always runs down hill. There are a multitude 
of facts of which we can be absolutely certain; and science is 
constantly adding to their number. 

'^ Science is constantly adding to their number." In that asser- 
tion — ^which the scientist imhesitatingly accepts — there stands re- 
vealed a curious self-contradiction on the part of the scientist. One 
moment he declares all his conclusions open to doubt. The next he 
asserts for some conclusion of his a finality quite equal to that which 
the most ardent churchman asserts for his creed. This contradictory 
attitude of science toward its results challenges imderstanding; for an 
examination of the nature of the inerrancy which the scientist claims, 
and justly claims, for some of his results may throw some light upon 
the sort of inerrancy which the church may, without absurdity, assert 
of her creeds. 

The explanation of the fact that the scientist sometimes disclaims 
and sometimes insists upon the inerrancy of his results is that his 
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results are of two kinds. Science has two distinct aims. The primary 
and professed aim of science is to understand the world in which we 
live. Science endeavors to describe and explain all that happens or 
has haj^pened. In other words, she tries to conceive things as they 
really are, or were. But the scientist's interest in the world is not 
purely theoretical. Human researches are not always prompted by 
mere curiosity. Men seek knowledge often for reasons which are 
practical. They investigate natiure that they may be able to comply 
with her laws and thus secure her co-operation in their enterprises. 
Natura enim non nisi parendo vincUur. 

This second aim of science has proved in part attainable. It has 
enabled her to frame rules or working hypotheses which serve as 
unerring guides to the accomplishment of human ends. On the other 
hand, that which we have termed primary and professed aim of science 
can never be fully accomplished. Final conceptions — conceptions, 
that is, which correspond in all points with the realities they repre- 
sent—are probably forever beyond our reach. 

Consider the conditions which a final conception must fulfil: (i) It 
must cover all there is to know about the reality to which it corre- 
sponds. (2) It must be in harmony with the true and final con- 
ception of everything else and with the true conception of the 
universe. (3) It must give the true explanation of all the character- 
istics of its object by exhibiting them in their true relations. It is 
obvious that these conditions imply omniscience. Only God himself 
can have an adequate conception of the simplest thing. Man is 
doomed to be ever learning but never able to arrive at full knowl- 
edge of any truth. 

When, however, man turns from the vain effort to comprehend 
fully the world to his real business of living in it, all is changed. He 
finds solid ground beneath his feet. He finds himself in touch with 
realities, stable and trustworthy. These realities we are ever more 
accurately comprehending. The full comprehension of them is a goal 
infinitely remote; but already we can recognize them, and many of 
their relations and their effects. For practical purposes our knowl- 
edge of certain facts is adequate and cannot be increased. Already 
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we are in possession of working hypotheses which, as working hypothe- 
ses, are final. 

There is an interesting resemblance between the attitude of science 
toward the facts she discovers and the attitude of the church toward 
Christian doctrine. 

1. A fact once discovered is discovered once for all. The discovery 
can never be invalidated. The church believes that the faith was 
delivered once (for all) to the saints. 

2. Facts are the touchstones by which theories are tried. Science 
holds that no theory which is out of harmony with a single fact can 
possibly be true. The chiurch similarly insists that her faith is a 
touchstone of truth, a finality which every theory must allow for and 
the true philosophy include. 

3. The functions of religion and of practical science are similar. 
The function of both is the guidance of life. For '' theology/' as a 
great American theologian has recently said, ''is a practical discipline." 
Religion must heal men's hearts and mold their conduct, or it amounts 
to nothing. 

4. The sense in which Christian faith and scientific rules of art can 
be said to survive the downfall of scientific systems is identical. The 
two classes of working hypotheses are alike in the nature of their 
finality. This last point requires to be elaborated. 

A trustworthy working hypothesis once discovered is a permanent 
acquisition of the race. It stands fast amid the wreck of systems. 
But it is not the conception of its first discoverer that survives. That 
conception is of necessity adjusted to the Wdianschauung of which it 
is a part. All the conceptions of a man or of an age are linked together. 
They form an organism. Each fits into every other. Any change 
in any one of a man's ideas is likely to involve a change, minute 
or revolutionary, in every other. The mental picture by which a 
fact or a belief is represented can never be permanent. When the 
history of any working hypothesis which has had a history is studied, 
its unity dissolves before our eyes. It resolves itself into a series of 
conceptions which are alike only in this, that they furnish the same 
practical guidance. 
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Take, for example, the principle of the irrigating ditch. That 
principle was discovered when men's thoughts were still animistic. 
The first irrigator of Babylonia must have expressed the principle in 
some such terms as this: ''Father Euphrates is marching toward the 
sea; if we induce or compell him to pass through our fields he will 
bless them." After long ages animism passed away. Men learned 
to think of matter as inanimate. The primitive conception of the 
principle of irrigation therefore of necessity likewise passed. It shared 
the death of the body of ideas of which it formed a part. But the 
principle itself survived. It rose again embodied in a new idea; the 
idea that water always runs down hill. That idea was eventually seen 
to be a particular case of a more general principle, that most things if 
unsupported fall to the earth. Then Newton taught the world that 
the force of gravity is exerted, not by the earth alone, but by every 
particle of matter, and set forth the laws which govern its working. 
At present we seem to be on the verge of a new conception of gravita- 
tion. The new conception of matter which physical chemistry has 
recently evolved demands one. 

Thus the principle of the irrigation ditch, when its history is 
studied, resolves itself into at least four successive conceptions; with 
a fifth conception just below the horizon. The bond which unites 
these conceptions is an identity of usefulness. All enforce upon the 
irrigator identical injunctions. All embody the same working hy- 
pothesis. The useful working directions which the irrigators of ancient 
Babylonia derived from their idea of the habits of Father Euphrs^tes 
are equally derivable from Newton's theory of gravitation. They will 
be equally derivable from the new conception of gravitation which 
scientists are laboring to evolve. The language in which the ancient 
Babylonian farmer expressed his working hypotheses, the conceptions 
in which he pictured it to himself, were inadequate. Our description 
of the truth upon which all successful irrigation rests is but little less 
inadequate. Only omniscience, as we have seen, can adequately con- 
ceive any reality. But every builder of a successful irrigating ditch, 
as he builds, is acting in harmony with reality; as is proved by his 
success. A valid rule of art, once discovered, abides as a permanent 
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possession of the race; though the conceptions in which men picture 
that rule of art to themselves must change from time to time as their 
conception of the world changes. 

The persistence of the Christian faith through the Christian cen- 
turies has been of a similar order. What has persisted has not been 
the conceptions of the primitive church. The fact that nearly all 
churches, more or less, retain ancient formulas must not deceive us. 
No man today, however orthodox, conceives the faith as the apostles 
conceived it. The conceptions were adjusted to the WeUanschauung 
of the Jews of the first century. That Weltanschauung has passed 
away and with it the conceptions of the Christian faith whidi pre- 
supposed it. 

To illustrate by but one aspect of one Christian belief : The primi- 
tive conception of the ascension of Jesus we have already outlined. 
It was that he rose through the clouds and the heavenly hemispheres 
to the zenith, there to sit at the right hand of a literal throne of God. 
That conception presupposes astronomical conceptions which have 
passed away. No intelligent Christian can any longer hold it. 

At the very time that the Nicene Creed was being framed these 
astronomical conceptions were aheady being disputed. Christianity 
was aheady penetrating into upper classes in society and was coming 
into contact with Greek philosophy. Greek philosophy had long ago 
learned that the earth is not flat but roxmd. A new conception of the 
universe was therefore demanded. There was a bitter conflict in the 
church between the two cosmogonies. The conflict outlasted the 
Reformation; but many theologians as early as the fourth century 
accepted the rotundity of the earth. "It is a matter of no interest 
to us," declared Basil of Caesarea (329-379 a.d.) "whether the earth 
is a sphere or a disk or concave in the middle like a fan." A new con- 
ception of the universe was eventually evolved, the conception usually 
known as the Ptolemaic. According to this conception the earth is 
roxmd and surroxmded by ten transparent revolving spheres; eight of 
them carrying respectively the moon. Mercury, Venus, the sxm, Mars, 
Jupiter, Saturn, and the fixed stars; the ninth being the primum 
mobile which carries the others aroxmd; and the tenth, the £mp}rrean, 
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where, in li^t unapproachablei sits Holy Trinity. A perceptible 
though not a very great change in the conception of the ascension 
was involved. Christ was conceived of as passing through nine, not 
seven (or six), heavens. 

Then came Copernicus. The new astronomy which he and his 
followers evolved destroyed the last vestiges of the primitive idea of 
the ascension. The Ptolemaic astronomy had left the primitive idea 
of the ascension practically intact. The earth being regarded as 
inmiovable, it was still possible to conceive of God as enthroned at 
the zenith above Jerusalem. It was believed that the antipodes were 
not inhabited. It was still conceivable, therefore, that every eye 
should behold the Lord when, at his second advent, he should descend 
in the clouds. Thus in all essentials the primitive idea of Christ's fate 
still persisted. Now, however, it was learned that the earth revolves 
on its axis. There is therefore no fixed zenith, no one place for God 
''above the bright blue sky." Columbus and Magellan proved that 
the antipodes were inhabited. It became impossible therefore to 
believe that every physical eye should behold a physical descent of 
Christ from the heavens. It is fair to ask whether the teaching of the 
apostles still persists; whether the gospel of the primitive church has 
not passed away. 

If we are to answer that question, it is important in the first place 
that we bear in mind one distinction, the distinction between the cur- 
rent ideas which the primitive church assumed and the new faith 
which it proclaimed. The first-mentioned determined the form but 
they were no part of the content of the gospel message. ''What 
coxmted in the Christian religion, then or now, is not the old vocabu- 
lary but the new message.'" That the earth is flat, that it is over- 
arched by seven hemispheres, and that God is seated at the zenith, 
the primitive Christians took for granted. These were the accepted 
scientific ideas of their day and nation and the apostles assumed them, 
just as a modem preacher assumes the scientific ideas of his day. The 
apostles were not teaching this cosmogony. They did not need to. 
Their hearers ahready accepted it. They were concerned only to 

' Uackdroih, H. R., BMposUor, FfSbrnuy, i9X4f ?• xa4- 
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proclaim what their hearers did not ahready know or accept, namely, 
that Jesus rose through the heavens to the throne of God. 

But we have not even yet recovered the essence of the apostolic 
teaching. The apostolic teaching was in all its parts a go^)el. It was 
practicaUy helpful. It was essentially a working hypothesis, if that 
cold-blooded term may be pardoned. Being a working hypothesis, its 
essence can be discerned only by considering its practical import. The 
full practical import of the doctrine of the ascension of Christ we can- 
not here set fortli. Space forbids and it is not necessary for our argu- 
ment. It will be sufficient if we select but one aspect of it, choosing 
the simplest aspect that occurs to us. 

It will be remembered that the New Testament quite as fre- 
quently sajrs that Jesus was raised by God as that Jesus rose; using 
the passive rather than the active voice. The ascension thus con- 
ceived furnished among other things the apostolic answer to the per- 
plexing question why Jesus was allowed by God to suffer and f aU. He 
had been, his followers believed, a perfectly good man. He had tried, 
as no one else had ever dared to try, the experiment of trusting himself 
wholly to God and righteousness. He had spumed all alliance with 
the devil, even when the devil offered him all the kingdoms of the 
world and the glory of them. Apparently his trust was disappointed. 
His enemies cried about the cross, ^^He trusted in God that he would 
deliver him. Let him deliver him ncw.^* The primitive Christians 
believed that God met th^ challenge: that God raised Jesus to his 
ri^t hand, the place of honor and most intimate commimion, there 
to await a final and complete triumph. 

Modem Christianity shares in its essentials this primitive convic- 
tion. Modem Christians, too, beKeve that the agony of the cross was 
but a gate to glory; that Jesus still lives with God and that he will 
yet overthrow his enemies. They draw from that conviction the same 
inspiration that the apostles did. They share the apostles' working 
hypothesb that God and ri^teousness can be absolutely trusted and 
that God will surely justify his faithful servants. The primitive 
gospel therefore does still persist. Men are still Christians. But 
the conceptions in which the apostles presented their gospel have 
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passed away forever. No intelligent man any longer conceives of God 
as enthroned in the sky. That crude conception of the location of 
God, thanks largely to Copernicus, has given away to a conception 
much more enthralling: "Closer is He than breathing, and nearer 
than hands or feet." 

5. The parallel between the working hypotheses which science fur- 
nishes and that great group of working hypotheses which we call the 
Christian faith can be traced one step farther before its lines diverge. 
Both are held to represent objective truth. The magnificent confidence 
which the church reposes in the creeds we have already described. 
The scientist is apt to exclaim at it. Yet it is precisely parallel to his 
own confidence in the truth of certain of his own convictions. When, 
however, we proceed to examine the groxmds of scientific certainty 
and of religious certainty respectively, the parallel between practical 
science and religion at last breaks down. Scientific conviction and 
religious conviction are arrived at by very different logical processes 
and rest upon very different premises. 

For no religious doctrine is susceptible of rigid scientific proof. It 
is true that theologians in all ages have labored to evolve a scientific 
demonstration of their teachings. In the Middle Ages, Anselm en- 
deavored to construct a scientific proof of the existence of God. Few 
realize how much of the New Testament itself is taken up with 
attempts to prove Christian doctrine by the logical methods of con- 
temporary Jewish scholarship.' In our own day there is issuing from 
the press a flood of books whose aim is to prove the reasonableness of 
the Christian faith and to show that it is in harmony with modem 
knowledge. 

But no scientific argument which amoxmts to a rigid demonstra- 
tion has ever been evolved for any Christian doctrine. The reason is 
that the content of the Christian doctrine and the content of the work- 
ing hypotheses which science evolves are dissimilar. The scientist 
evolves working hypotheses by registering occurrences and noting their 
correlations. The working hypotheses which he evolves are alwajrs 
predictions such as this: If a certain volume of hydrogen and a certain 

> Scott, E. F., Tk$ ApohttHe rftktNm Ttstsmmi, New Yock, 1907. 
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volume of oxygen are brought together under a certain pressure and at 
a certain temperature, they will unite to form a definite amount of 
water. The doctrines of practical science^ in other words, are state- 
ments as to the interdependence of individual phenomena. Religion, 
on the other hand, is concerned with the universe as a whole, its 
attitude toward man and man's destiny in it. 

Now man's destiny and the attitude of the universe toward him 
are beyond the reach of strict scientific investigation. The only rigid 
method of proof that science knows is the inductive method. The 
working hypotheses of science are susceptible of inductive proof. They 
concern the order in which phenomena occur and that order can be 
observed and reobserved until an inductive proof of it can be built up. 
That these working hypotheses "work," that they furnish infallible 
means of prediction, is absolute proof that they correspond to some- 
thing real. The doctrines of religion, however, are clearly beyond the 
reach of inductive proof. The inductions necessary are too vast and 
too complicated. 

For instance: "We know," says St. Paul, "that all things 
work together for good to them that love God." But St. Paul's 
knowledge did not rest upon an inductive basis. When, for example, 
he spent a night and a day in the deep, he could hardly have been con- 
scious that it was effecting his good. Even after he was rescued, the 
most mature reflection could not discern all the bearings of his experi- 
ence upon his welfare. We cannot list the divine dealings as a scien- 
tist lists his phenomena, determine the full bearing of each upon hmnan 
welfare, and so arrive at an assured generalization as to the bearing 
of all. In the case of certain Christian doctrines, the very materials 
for an inductive proof are beyond our reach. We have no experience 
of the fate of men beyond the grave. Lastly, Christian doctrine does 
not lend itself to inductive proof for the very reason that it deals not 
with individual phenomena and their interrelations but with the 
world as a whole. Its subject-matter is not the subject-matter of 
inductive science but of philosophy. 

Philosophy however is equally incapable of furnishing a demon- 
stration of religious doctrine. Philosophy is incapable of demon- 
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strating even its own conclusions. The conclusions of philosophy 
notoriously lack finality. The accepted philosophy of today is 
revised or rejected tomorrow. For the outcome of philosophical inves- 
tigation is a conception: and conceptions, as we have seen, are fleeting 
things. Philosophy, therefore, can furnish no secure premises for 
demonstrating anything. To build a faith upon it would be to build 
upon the shifting sand. The church must seek a more secure founda- 
tion for her faith than philosophy can ever furnish her. She must 
have foxmd some more secure foimdation; for her conviction is a more 
deeply rooted conviction than philosophical reasoning could ever 
plant. Finally, the Christian faith is clearly not a product of philoso- 
phy, for the reason that it is not a body of conceptions. It is a 
body of working hypotheses which are ever being reconcdved. 

Two other groxmds which have often been assigned as the grounds 
of Christian conviction must be briefly dismissed. The argument from 
revelation we have ahready seen to be no valid argument, for it in a 
large part begs the question. The argument from history for the most 
part also involves a petUio principii. To demonstrate the reality of 
the future life by reference to the resurrection of Christ, for example, 
is to be guilty of a petUio principii. For the major premise of all his- 
torical investigation is that the impossible never happened. Unless 
there be a life beyond the grave Jesus never rose. The records of his 
resurrection are incredible. Either the disciples never saw him, as the 
records say they did, or they were victims of a hallucination. The 
records on which this argument for a future life are based are credible 
only if that which they are used to prove is assumed. 

The real groxmd of the Christian's confidence in the truth of the 
working hypotheses on which his life is based is that those working 
hypotheses alwajrs furnish a reliable basis for Ufe. In that respect 
at least they are like any working hypothesis of science. They 
can always be depended upon to ^'work." Those, for example, who 
accept the doctrine of the ascension are always armed against temp- 
tation and disappointment, impelled to seek goodness, and eschew 
evil; and when goodness fails and evil triumphs and no visible ground 
for hope appears, they can recall that he who was better than they can 
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ever hope to be passed through even greater darkness and God- 
forsakenness on his way to triumph. The ground of Christian cer- 
tainty is therefore analogous to the groxmd of scientific certainty. In 
both cases it is to working hypotheses that certainty attaches. In 
both cases the groimd of certainty is that by long experience these 
working hypotheses have been proved to be reliable as working 
hypotheses. 

But the similarity conceals a fimdamental difference. The relia- 
bility of the working hypotheses of science is immediate proof that 
they correspond to some objective reality. The reliability of the 
working hypotheses of religion does not, however, immediately prove 
their truth. What we mean when we say that a religious working 
hypothesis alwajrs proves reliable is that it can always be depended 
upon to make him who accepts it a better and a happier man; that 
it is subjectively satisfying. Because a belief is subjectively satisfy- 
ing it does not immediately follow that it is objectively true. 

And yet the Christian takes that leap. He feels justified in taking 
it because he refuses to believe that things are not what a man must 
believe them to be if he is to realize his highest Ufe. He refuses to 
beUeve that noble living is irrational, that any postulate which is ne- 
cessary to motive it and justify it can possibly be false. He insists 
that it is precisely the highest types of manhood that are living in 
full accord with the nature of things. 

This is not the place to argue the credibility of the religious premise. 
Perhaps "nothing worth proving can be proven, nor yet disproven." 
Our business as historians is only to see very clearly what the funda- 
mental premise of religious faith is. For that which we have outlined 
is the underlying assumption of all religious faith, the basis of all 
religious conviction; albeit few perhaps, even of those who fed and 
respond to the appeal of religion, are ever conscious of the several stq>s 
of their logical processes. Religions spread, not because of any appeal 
they may make to the philosophic intellect, but because they satisfy 
the soul's needs. 

To illustrate from the spread of Christianity itself: Primitive 
Christianity rested upon the doctrine of the resurrection. Now the 



Digitized by 



Google 



AN APOLOGY FOR THE CHXTRCH'S PERSECUTION OF SCIENCE 1 79 

doctrine of the resurrection was alien if not abhorrent to the gentile 
intellect, popular and philosophic alike. It was ^'to the Greeks fool- 
ishness." To the unphilosophic Greek it was an unheard of thing 
that a soul should ever return from the House of Hades and take body 
again in the upper air. To the Greek philosopher it was absurd to 
think that men in the higher existence should be burdened with a body. 
Yet the doctrine spread, and spread eventually in even a crasser and 
more Judaic form than St. Paul had preached it, in the form of a belief 
in resurrection of the flesh. Men believed in the teeth of their pre- 
suppositions and even in the teeth of their reason. Why ? Because 
they foxmd in the doctrine a gospel. It was good news to the slave 
that he should live again, no shade life but a real life in a real world 
in which justice and happiness should prevail. Those philosophers 
who became Christians f oxmd in the Christian hope a fuller hope than 
philosophy offered, a hope of a life spent not merely in contemplation, 
but also in activity and fellowship. A study of the logical method of 
the defense of the doctrine of the resurrection which is contained in 
the fifteenth chapter of First Corinthians is illuminating in this con- 
nection. St. Paul mentions the fact that the disciples and he himself 
had seen Jesus after his death; but he does not rest his case there. 
His testimony might be doubted. The argument on which he relies 
is that if there be no resurrection, Christ did not rise, and ^'if Christ 
be not risen your faith is without ground,'' "let us eat, drink and 
be merry, for tomorrow we die." St. Paul was fully conscious of 
his true ground of appeal. He refused to discuss ''wisdom." He 
refused, that is, to use scientific argument. He was determined to 
''know only Christ and him crucified" and he foimd that his gospel, 
cast though it was in un-gentile forms of thought and expression, 
awakened a response in needy hearts and won those who were fitted 
to receive it. 

It has ever been so. Argument may produce intellectual assent; 
but religious conviction resulting in an altered life seldom if ever results 
from mere argument. It results only from a felt need and the satis- 
faction of that need by the religious message. 
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IV 

To return now to our problem. We have determined the logical 
classification of Christian doctrine, its function, the sense in which it 
can be said to survive the downfall of scientific sjrstems, and the logical 
process by which Christian assurance is reached. We have discovered 
interesting analogies and interesting contrasts between the teachings 
of religion and the teachings of science. What light does our study of 
nature and characteristics of science and religion throw upon the 
incessant warfare between the two; a warfare, be it remembered, 
which is not confined to the Christian centuries. Witness the fates 
of Anaxagoras and Socrates. 

One root of strife we have already laid bare: the fact that science 
and religion serve quite different interests. We are now in position 
to discern two others: one a blimder, the other a mutual lack of 
sympathy. 

I. The church has ever been beset by an insidious confusion of 
thought. She has ever been tempted to identify her faith with the 
conceptions in which, for the time being, she pictures its assertions to 
herself. Theologians have too often entertained a quite impossible 
notion of the method of revelation. They have thou^t of revelation 
as consisting in God's inserting his own ideas into hxunan minds. They 
have assumed, for example, that the apostles' conceptions of the truths 
upon which their faith laid hold were identical with the divine con- 
ceptions. That, however, is impossible. With all reverence be it 
said, God simply could not convey to man any one of his ideas in its 
entirety and completeness without conveying all. For the ideas pres- 
ent at any one time in any mind, human or divine, form an organism. 
Each is linked with every other. No one can be entertained without 
the rest. The divine ideas can have meaning only for omniscience. 
To have expressed the truth which Christians believe God did convey 
to man when He founded His church, in forms of the divine thought, 
would have been a futile thing. The message would have had no 
meaning. It is historically certain that this futile method of revela- 
tion was not the method God adopted. The conceptions in which the 
faith was embodied for the apostles were conceptions of their own day. 
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For instance, they expressed their faith and conceived their faith in 
terms of Jewish astronomy. The persistence of their faith through 
the ages has not been a persistence of their conceptions but of their 
practical convictions. The continuity at bottom has not been one of 
ideas but of life. It has been, in a word, the continuity characteristic 
of a working hypothesb. 

The church's misxmderstanding of the essential nature of her faith 
and of its finality has been the very taproot of her mistaken resistance 
to advancing thought. It must be admitted that, on her premises, 
her resistance has been scientifically justifiable. If the assertion that 
God ''sitteth upon the circle of the earth and the inhabitants thereof 
are as grasshoppers" be an accurate statement of a divine idea, any 
idea of the solar system which does not harmonize with that statement 
must be false. The Copemican astronomy must be a mistake. It 
becomes scientifically untenable, for it is out of accord with a known 
truth. 

But the church's opposition to ideas which threaten to subvert 
those in which her faith is enshrined has been due to a deeper reason 
than the fact that on her mistaken premises those ideas must be false. 
She has opposed them because they seemed to her to be pernicious; 
to imdermine faith and therefore character. 

It is easy for the historian to prove that the church's struggle 
against the tide of truth has always been in the long run imavailing; 
that the church's battle with science has been one long series of igno- 
minious retreats. Nor is it difficult for the historian to prove that the 
church's dread of scientific discoveries has been groimdless; that each 
new view of truth has only resulted in a refining of the Christian doc- 
trine and in restatements of it in ever clearer and spiritually more 
efficient forms. These ''lessons of history" are as obvious as they are 
important; but we must address ourselves to the harder task of trying 
to discover why the church has so persistently fallen into the mis- 
apprehension which has been the cause of her disastrous mistakes. 

The explanation is, in the first place, that the Christian faith and 
the ideas in which it is embodied are intimately connected as soul and 
body. After all, men can think only thoughts; can hold a faith only 
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by conceiving it. An identification of the faith with the ideas by 
which it is represented is very natural. 

It is true that no scientist is ever guilty of confusing his working 
hypotheses with his conception of them. One reason is that he is 
professionally interested in conceptions. Reconstructing concep- 
tions is a large part of business. If he were convinced that his 
conception of the facts he knows were adequate, he would cease to 
be a scientist; for there would be no more scientific work for him 
to do, unless perhaps the gathering of new facts. But there is 
another reason. The working hypotheses of science are based upon 
objective experiences. 

Experiences are insistent things. The scientist feels sture that no 
one of his successful working hypotheses can possibly be overthrown 
by any theory; for that theory must meet and include all established 
facts or die before seeing the light. The church has not quite the 
same assurance, though perhaps she ought to have. Her working 
hypotheses are not statements of imvarying experience. Their 
subject-matter is the meaning of the universe for man and man's 
destiny in it. They deal with the unseen. It is perilously easy to 
regard the Christian faith as a philosophy, and therefore incapable of 
being translated into new forms of thought. 

To take concrete examples: The rising and setting of the sun is 
a fact which we can see. The scientist feels very sure that no astro- 
nomical idea which negatives the fact can ever gain acceptance. The 
Copemican astronomy would never have been heard of if it did not 
give an adequate explanation of the rising and setting of the sun. On 
the other hand, the incarnation, the ascension of Christ, the second 
advent, and God's oversight of the deeds of man are not matters of 
immediate experience; though in the seventeenth century they were 
(as they still are) vital portions of the Christian faith. The Ptole- 
maic astronomy allowed for these portions of the Christian faith. It 
admitted of very definite conceptions of them. These conceptions the 
new astronomy destroyed and it was not clear at first that new con- 
ceptions could be constructed which should both be in harmony with 
the new astronomy and serve all the practical purposes of the old. 



Digitized by 



Google 



AN APOLOGY VOR THE CHUECH'S FERSECX7TI0N OF SCIENCE 183 

At first sight the new idea of the solar system seemed to have no 
place for God; to make the ascension and future descent of Christ un- 
thinkable. By making this earth, not the center about which the 
whole universe revolves, but only one of many planets revolving 
about the sun, it made the sending of God's only begotten Son to 
earth seem a most improbable act of favoritism. 

Of course all these difficulties have been surmounted. New and 
grander conceptions of these articles of the Christian faith have been 
constructed, which serve in our day all the piuposes which the older 
conceptions served in theirs. But the translation of the faith into 
these new forms of thought took time. At first it was not evident 
how it could be accomplished or that it could be accomplished at all. 
The old ideas conveyed the old faith. The new astronomy for the 
time did not admit of it. It is not after all to be wondered at that the 
chturch identified the old conceptions with the old faith and fought 
for the astronomical system with which those conceptions were boxmd 
up as for her own life. 

Nor was her resistance wholly misguided. Even had she foreseen 
that new ideas might be framed which would replace the old, it would 
have been pardonable in her, had she viewed the process of translation 
which was thnist upon her, not without misgiving. After all, what 
assurance was there that aU her children would accomplish the trans- 
lation; that none would lose their faith without regaining it. Even 
should this danger be surmounted, yet another must be faced; a dis- 
turbance in what the sociologists are teaching us to call the religioiis 
mores; an unsettling of religious habits. To iUustrate from otu: own 
times: The crisis which has resulted from the application of historical 
methods to the Bible may fairly be said to be surmounted. A new 
view of the Bible and of revelation has been evolved which is truer 
than the old and quite capable of replacing it. In fact, the Bible is 
even more fitted than ever it was to be the guide and inspiration of 
life. But the sad fact is that it is not used. Even those who have 
reconstructed their faith in the Bible do not always read it as their 
fathers did. Their habits have been shaken in the revolution. It 
can scarcely be doubted that they are serious losers. 
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The historian cannot be e^qpected to share the church's fondness 
for intellectual immobility. He is a student of progress and in conse- 
quence an inevitable believer in progress. But he should understand 
and sympathize with the church's attitude, even though he cannot 
share it; and even though he sees its evil results. 

The church's eflfort to restrain thought .has probably resulted in 
more evil than good. Not merely has mother church often stunted 
the intellectual growth of her children in her eagerness to preserve in 
them their childhood's faith, only to find nature too strong for her 
and to suffer the ignominy of defeat and incur her children's hate. 
She has imperiled and often lost sight of her real work. In the effort 
to defend the faith, which is after all a means, she has forgotten her 
end. She has often spent all her energy in defending obsolete ideas 
which once were useful to her, and neglected her proper interest of 
developing character and fostering the things of the spirit. She 
has degenerated, in a word, into a teacher of bad science and a 
deviser of fallacies. She has valued ignorance above virtue and 
allied herself with the powers of darkness rather than with forces 
which make for righteousness. She has appraised orthodox opinion 
above goodness, adherence to the ecclesiastical institution above 
purity of character. 

Her efforts have seldom proved worth while. She has often suc- 
ceeded for a time in preventing her members from casting aside the 
old ideas. But old ideas, separated from the body of ideas of which 
they originally formed a part, are mere disjecta membra^ lifeless and 
incapable of performing their old fxmction. The doctrine of the 
resurrection of the flesh, for example, in the second century expressed 
an inspiring hope. It was a valuable protest against the exclusive 
regard for intellectual joys which characterized Greek philosophy and 
the dreary outlook which the popular conception of the future life 
presented. Severed from its original content and grafted into our 
modem thought-world, it loses all its meaning. It becomes simply 
an absurdity. Instead of a support to life, it becomes a burden. It 
can be accepted only by wrenching truth. A putrifying member of 
a dead body of conceptions, it fails to fimction. Its only effect is to 
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spread intellectual disease; for no man can entertain it and be honest 
in his thought. 

Yet the historian, if he is to account for and accurately record 
the church's mistakes, must feel her temptation. The historian 
above all things must be fair; albeit fairness to all institutions and 
all sides of our humanity is an almost superhuman demand to make 
of any man. 

2. It is hard for the scientist, however, to be fair to the church. 
He and his kin have suffered too much at her hand. The mere scien- 
tist can never imderstand the church. For his whole devotion is 
given to a different quest, the sacred quest for truth. '^A fact is as 
sacred to him as a moral principle,"' and a fearless following out of 
logical conclusions a moral principle itself. He cannot but be impa- 
tient with the church's obscurantism and special pleading. He is 
impatient with men who believe what suits them instead of 
investigating the facts and either discovering the truth or leaving the 
question open, if the truth is not apparent. The contempt and active 
hostility which many scientists display toward religion is therefore 
readily understandable. 

The church's tmsympathetic attitude toward science is from her 
point of view equally imderstandable. The facts the scientist accu- 
mulates and the problems he studies often seem to her trivial in com- 
parison with the great themes which her teaching treats and the vital 
himian interests on which her eye is fixed. ''It is not through igno- 
rance of the things which excite their interest," remarks an early 
church father of the scientists of his day, "but through contempt of 
their useless labor, that we think little of these matters, turning our 
souls to better things." The scientist's recklessness as to the effect 
his teachings may have upon souls seems to the churchman monstrous. 
What has he to offer in place of the precious faith which he weakens 
or destroys? Moreover, his novelties are not certainties. His 
theories are confessedly transitory things. Yet the scientist de- 
nounces as fools those who do not implicitly accept them. The 
bigotry of the church is nothing to the pride of science; the church's 

* As Agaatis it said to have itmaiked. 
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cruelty is fully matched by the inhumanity of the scientist's disregard 
for the interests of character and of the soul. So the chturch often 
is inclined to charge. 

Science and the chturch confront each other with a mutual con- 
tempt and even mutual hate. From the serene viewpoint which 
history occupies we may deprecate but it is inaunbent upon us to 
imderstand. For this mutual lack of sympathy is the cause of the 
acrimony of the struggle whose sources we are considering. 



President Hyde says somewhere that the warfare between science 
and theology is over: its history has been written. We fear that we 
can agree with neither proposition. 

The divergence in interest between science and rdigion, the differ- 
ence in the logical method of their thought, are inherent and per- 
manent differences. The mistaken identification of religious beliefs 
with the conceptions in which they are embodied is so natural that it 
is not likely to disappear for a long time to come. We fear that the 
old antagonism will be ever cropping out anew for many a year. 

Nor can we regard, with President Hyde, Dr. White's two valuable 
volximes' as the final history of the great warfare. Dr. White views 
the conflict from only one side. He never forgets the ecclesiastical 
persecution to which Cornell University was subjected when he took 
charge of it. It seems a presumptuous thing to say of so great a his- 
torian, but Dr. White in his book displays little insight into the nature 
and history of Christian doctrine. He dwells at length upon the mar- 
tyrdoms of science and the stupidity of the church. We gain from 
his book no sense of the embarrassments which science has caused the 
church. 

Sometime, we hope, there will be written a new history of the 
warfare of science with theology in Christendom. That history, when 
it is written, will begin by setting forth the ideas which the apostles 
held and taught and show why they were a gospel, what their value 
was and why the promulgation of them brought new life to those who 

« To which this p«per it indebted for many of its quotadooi tnd ilhistntioiu. 



Digitized by 



Google 



AN APOLOGY POR THE CHU&CR'S PERSECUTION OP SCIENCE 187 

accepted them. It will then proceed to show how science and phi- 
losophy rendered these ideas obsolete, while the practical convictions 
which they connoted remained; and how this process was repeated 
over and over again and is still going on. It will be a moving tale of 
pain and trimnph on both sides, a tale in which the noblest and the 
most ignoble sides of human nature play alternate parts and of ttimes 
are intertwined. 

It will be a tale worth the telling. For science will never be free 
from ecclesiastical opposition and the church will never have a well- 
grounded assurance of the finality of her teaching until that tale is 
adequately told and its lessons learned. There is great need of a new 
theology, new perhaps not so much in its content as in its method* 
Theology must learn to renounce once for all the task of gathering 
together traditional religious ideas as if these disjecta membra were her 
finalities. She must set herself to analyze the needs of the human 
soul and set forth the convictions which are eternally necessary, if 
these needs are to be satisfied. Those convictions the theologian does 
not need to invent; for the needs of the human soul have been satis- 
fied. Few will deny that the Christian faith, whenever it has been 
genuinely held by a man in its purity and lived out, has satisfied that 
man's deepest needs. But it is necessary that the theologian should 
clearly perceive and never forget what the Christian faith is. The 
Christian faith is nothing more nor less than the postulates of the 
Christian life, those convictions upon which Christian character is 
founded, the assumptions which are necessary to make Christian con- 
duct and Christian serenity rational. What those postulates are the 
theologian can learn only from the historian. Only the historian can 
place the historic creeds and doctrines of Christianity in their original 
setting and thus reveal their practical import. The practical import 
of a religious doctrine is its essence. It is that alone which is perma- 
nently valid. The meaning and permanent essence of the belief that 
Father Euphrates always seeks the sea comes out only as we watch 
primitive man acting on that belief. So likewise we can never discern 
the essence of the primitive Christian faith until we determine how 
it differed from other contemporary ideas and what support it lent 
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to life. These things it is the historian's province to ascertain. It is 
to the historian, therefore, that we must look for the recovery of the 
most precious heritage that antiquity has left us, the faith once 
delivered to the saints. 

This high task, of course, must be the work of specialists, of pro- 
fessed church historians. But the general historian, more particularly 
those whose work it is to write upon and teach the history of the 
Roman Empire, the Middle Ages, or the Reformation, may fairly be 
required to have an adequate understanding of Christianity and the 
history of its thought. They ought, indeed, to have had some train- 
ing in historical theology. It is true that they may never have had an 
opportunity directly to impart their knowledge in formal courses. 
The heavy hand of ecclesiastical jealousy and ecclesiastical obscurant- 
ism still rests upon our colleges, even upon our state-supported uni- 
versities. But the teacher of history can hardly avoid the subject 
altogether. References to it should be intelligent. An understand- 
ing of historical theology is of value to the college teacher, if only 
that it may enable him to avoid running counter to ecclesiastical 
prejudices. 

Some day, let us hope, the history of the greatest spiritual move- 
ment in history, the chief factor in long reaches of the development of 
our civilization, will be as freely taught in our universities as any 
other portion of history. It will be a valuable discipline. The 
history of ideas is universally recognized to be an indispensable part 
of a liberal education. But the student of the history of philosophy 
or of science is met at the outset by a serious difficulty. He must 
be something of a philosopher or a scientist if he is to understand 
the history of philosophy or science. The student of the history 
of religion requires for the understanding of his subject only a human 
heart. The problems with which religious thinking deals are the uni- 
versal human problems which every man must face. The historic 
solutions of these problems can be made to appeal to anyone. More- 
over, a study of these solutions resolves itself into a study of human 
character, which is a deeper and a more valuable study than the study 
of the human intellect. It is a study which brings the student into 
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the company of the saints and makes him, not merely keener and more 
intelligent, but also more sympathetic, and a better man. Sometimes 
in our day-dreams we see great revolutions resulting from a general 
study of the history of Christianity; the divisions of Christendom 
vanishing before the spread of a scientific, because historically 
grounded, theology, and all that is vital and permanent in Chris- 
tianity incorporated into the convictions of every educated man. 
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BERGSON'S CONCEPTION OF DURATION 

By Losena Underbill 

The most recurrent theme in Bergson's works' is his conception 
of duration. The root of all his views lies in his idea of duration as 
contrasted with that of mathematical time or time spatially sym- 
bolized, or taken as the measure of change in organic nature. It 
was the most prominent idea in his mind when he wrote his Doctor's 
thesis — Time and Free WiU.^ This book ofifers a new theory of the 
will, namely, that duration is wiU, and also a new method of philoso- 
phizing. It proves what has never been proved before: that the 
will is free, that the duration of the ego is the ultimate truth of exist- 
ence and needs no further proof than that of immediate experience. 
Not, to be sure, the «q)erience that is represented to us by the intellect, 
but the inner experience of feeling and volition, where we see the 
true nature of duration in constant, never-ending change. It is 
ever changing and ever new, because it carries the past along with it, 
as a rolling snowball grows. 

In the first chapter of Time and Free Willy Bergson deals with 
the intensity of conscious states and sajrs that it is impossible to 
Conaeioiia '^ measure" the intensity of states of consciousness, that 
States Not when we apply magnitudes to feelings we proceed on a 
QvantitatiYe ^^^ assumption which inevitably leads to a denial of 
free will. Sensations, feelings, etc., differ in quality but not in 
quantity. The multiplicity of conscious states is qualitative," and," 
he proceeds, "we shall no longer consider states of consciousness in 
isolation from one another, but in their concrete mtdtiplidty in so far 
as they unfold themselves in duration." This unfolding mtdtiplidty 
of sensation is duration in the true sense. "We shall now have to 
inquire what the mtdtiplidty of our inner states becomes, and what 

»Tim9idFmWm(lSn^aaitnBiiiaikmbf¥.I^Togmm^ Mtikf otd Mmory (EagVUh 

tiBiislittioBbyNaBCjlIuvu«tPMdaiidW.SoottPaliii«),Lond^ CfMUM EmCnKm (Em^ timnt- 

ktion by Arthur MitcbeU). New York, Z911. 

• Pobliihed in French Id 1880. 
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IS no douk, . 

points in space; but ux^- _ 

of duration by means of poih^^ ^ 

Some people count the stroke^- 
the sounds in an ideal space, and then 
them in pure duration. ''If the sounds are 
empty intervals between them. If we couju 
must remain, though the sounds disappear: how u 
remain, if they were pure duration and not space ? ^ 
therefore, that the operation takes place." ^ 

Homogeneous time is the mediiun in which conso^ 
form discrete series. They are arranged alongside one an, 
in space. Time is reducible to space in so far as it is a hom<^ 
medium; in fact, it is nothing but space, and pure duration is s\ 
thing different. When we make time a homogeneous medium, aji 
conscious states unfold themselves in it, we assume that time is givei^ 
all at once, or, in other words, that we abstract it from duration. The 
philosophers who have regarded the idea of time as siBq>le and have 
tried to reduce the ideas of time and space to each other have thought 
that they could make extensity out of duration. 

Pure duration is the form which the succession of our conscious states assumes 
when our ego lets itself Hve, when it re&ains from sqMurating its present state 

* Tim and Prtt Witt, p. 77* 
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from its former states. For this purpose, it need not be entirely absorbed in the 
passing sensation or idea; for then, on the contrary, it would no longer endure. 
Nor need it forget its former states: it is enough that in recalling these states it 
does not set them alongside its actual state, as one point alongside another, but 
forms both the past and the present states into an organic whole, as hi^pens 
when we recall the notes of a tune, mdting,^ so to sptak, into one another.' 

In this way, succession can be thought of without distinction as a 
mutual penetration of heterogeneous moments, each of which repre- 
sents the whole and cannot be distinguished from it, except by abstract 
thought. Bergson sa3rs that this is the account of duration which a 
being would give who had no idea of space, and who was ever the 
same and ever changing. As a rule, we project time into space, and 
express duration in terms of extensity, while succession becomes a 
continuous line whose parts touch but do not interpenetrate. We 
cannot speak of an order of succession in duration, nor of the reversi- 
bility of this order, because it would not be pure succession but suc- 
cession as it is developed in space; and to introduce order among 
terms, we must first distinguish the terms and then compare the 
places which they occupy. 

When the movement of my finger along a surface or line provides me with a 
series of sensations of different qualities, one of two things hi^pens: either I 
picture these sensations to myself as in duration only, and in that case they suc- 
ceed one another in such a way that I cannot at a given moment perceive a num- 
ber of them as simultaneous and yet distinct; or else I make out an order of 
succession, in which case I display the faculty not only of perceiving a succession 
of elements, but also of setting them out in line after having distinguished them: 
in a word, I already possess Uie idea of space. Hence, the idea of a reversible 
series in duration, or even simply of a certain order of succession in time, implies 
the representation of q>ace, and cannot be used to define it.' 

Suppose that a material point. A, were moving on a straight line 
of unlimited length. It would not perceive succession in the line, 
unless it could rise above the line and perceive several points in juxta^ 
position simultaneously; but by so doing it would form the idea of 
space of three dimensions, and it would perceive the changes which 
it undergoes in space and not in duration. Bergson says that it is 
here that we find the mistake of those who regard duration as similar 

> Op. €U., p. 100. • Ihid,, p. lOf . 
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to spactf but of a sinq)ler nature. In a word, pure duration might 
well be nothing but a succession of qualitative changes whidi mdt 
into and permeate one another, without precise outlines, without any 
tendency to externalize themselves in relation to one another,^ without 
any aflUiation with number: "it would be pure heterogeneity .... 
Pure Dnratioii f i^om the moment you attribute the least homogeneity 
isWhoUy to duration, you surreptitiously introduce space." 
QnaUtatiYe p^^ duration is wholly qualitative. It cannot be 
measured, imless symbolically represented in space. It must be 
reckoned among the so-called intensive magnitudes, if intensities can 
be called magnitudes. It is not a quantity, and when we measure it 
we replace it by space. 

It is very difficult to think of pure duration. This is probably 
owing to the fact that other objects endure as well as ourselves, and 
Astronomical f^om this point of view time has the appearance of a 
Time Is Not homogeneous medium. This duration seems to be 
Pure Duration homogeneous and measurable; the moments seem to 
be external to one another, like bodies in space. Time, as used by 
astronomers and physicists seems to be measurable and homogeneous. 
If, as suggested in the previous paragraph, duration cannot be 
measured, what is it that is measured by the movements of the 
penduliun? We are merely counting Anultaneities, not measuring 
duration. 

^^thdraw the ego which thinks these successive oscillations, and there will 
never be more than a single oscillation, and, indeed, only a single position of the 
pendulum, and hence no duration. Withdraw the pendulum and the oscillations, 
and there will be no longer anything but the heterogeneous duration of the ego, 
without movements external to one another, without relation to number.' 

The successive phases of our conscious life correq>ond individually 
to an oscillation of the pendulum which occurs at the same time; and 
because the oscillations are sharply distinguished from one another 
we get into the habit of making a distinction betwe^i the successive 
moments of our conscious life. ''The oscillations of the pendulum 
break it up, so to speak, into parts, external to one another; hence 

> Tim 9t$d Pne WUl, p. io8. 
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tke mistaken idea of a homogeneous inner duration, similar to space, 
the moments of which are identical and follow without penetrating 
one another." 

There is a real space aside from duration where phenomena ai^>ear 
and disappear simultaneously with our states of consciousness, and 
SimnltuieitT Is ^^^ is a real duration, the heterogeneous moments 
tlM Link be- of which permeate each other. Each moment is con- 
tweenDumtioiitemporaneous with a state in the external world, and 
P*^ can be brought into relation with it; and because of this, 
it can be separated from the other moments. Because these two 
realities are compared, we get a symbolical representation of duration 
derived from space. The connecting link between space and duration 
is simultaneity, or the intersection of time and space. 

In anal}rzing motion, which is the living symbol of this seemingly 
homogeneous duration, we shall make a similar distinction. There 
are two elements in motion: the space traversed, which is homo- 
geneous and divisible, and the act of traversing, indivisible and 
real only for consciousness. The successive positions of the moving 
body really do occupy space, but the process of moving from one posi- 
tion to another occupies duration and eludes space, and is not real 
ezcq>t to the conscious q>ectator. Motion is a progress, and is 
therefore unextended and psychic. This confusion between motion 
and the space traversed gives rise to the paradoxes of Tjcho. There 
is no necessity to resort to metaphysical hypotheses about the natu^ 
Sdcnee Would ^' space, time, and motion, when we know through 
Not Need to intuition that motion is within duration, and duration 
Q»^y ^ is outside of space. The movements of bodies cannot 
M otkms of the ^^PX sp^ce, for they are duration rather than extent, 
UnffereeWere quality rather than quantity; but science has to elimi- 
V^ster or nate mobility from motion and duration from time before 
^**^" it can deal with them. Science cannot take account of 

the interval of duration; for instance, if all the motions of the universe 
were twice as fast, no change would be necessary in formulae or figures. 
Science would never be able to notice the change — ^it would be per- 
ceptible to duration only. 
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The very essence of duration and motion is that they are unceas- 
ingly being done. Algebra can represent results and positions, but 
not duration and motion themselves. Mathematics can make the 
intervals very small, but however small they may be, mathematics 
places itself at the extremity of the interval and leaves duration and 
motion entirely out of the question, because they are mental syn- 
theses and not objects. Duration has no identical moments, or 
moments that are external to one another; it is heterogeneous, con- 
tinuous, and in no way resembles nimiber. There is neither duration 
nor succession in space, that is if we give these words the meanings 
which consciousness does. Space is homogeneous, and belongs to the 
external world, while duration and succession belong to the con- 
scious mind. Suppose that several conscious states are organized, 
that they interpenetrate and become richer in content. They thus 
might give anyone ignorant of space the feeling of duration. But the 
use of the word '^ several" shows that these states were isolated, set 
side by side; in other words, we are compelled even by language to set 
forth time in the terms of space. 

It is chiefly through motion that duration assumes the form of a 
homogeneous medium, and that time is projected into space. But 
even if we leave out motion, any repetition of an external phenomenon 
would suggest the same mode of representation: for instance, the 
series of blows of a hammer instead of being a progress becomes 
cut up into phases which are identical, and ''this multiplicity of 
elements no longer being conceivable except by being set out in space 
(since they have now become identical), we are necessarily led to the 
idea of a homogeneous time, the symbolical image of pure duration." 
Our ego comes in contact with the external world at its 
Closely AMn to s^^<^^9 owe sensations retain something of the mutual 
the Bxtemal externality, and in this way our superficial psychic life 
World and comes to be represented as set out in a homogeneous 
Nature*** medium. But there is a deeper self which forms one 

and the same person with the superficial ego, and the 
two endure in the same way. If we eliminate the superficial self, we 
can no longer perceive a homogeneous time, or measure duration, but 
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we feel it as a quality. "That our ordinary conception of duration 
depends on a gradual incursion of space into the domain of pure 
consciousness is proved by the fact that in order to deprive the ego 
of the faculty of perceiving a homogeneous time it is enough to 
take away from it this outer circle of psychic states which it uses as 
a balance-wheel." Sleep alters the commimicating surface of the 
ego because the organic functions are relaxed, and here we no longer 
measure duration, we feel it; it becomes a quality instead of a 
quantity. Bergson believes that through daily experience we ought 
to be able to distinguish between the real duration of quality, which 
is probably what animals perceive, and time materialized, which has 
become quantity by being set out in space. For instance, sometimes 

we do not notice the number of strokes of a distant 
Mu^odPhias ^^^ vaiiH several have sounded and we find that they 

have melted into one another instead of being set out 
side by side, like a musical phrase. In reconstructing this phrase, 
our imagination makes one, two, or three strokes, but our feelings 
say that the total eject was qualitatively differenty and we feel that four 
was the number of strokes sounded. In its own way, the mind had 
ascertained the niunber of strokes and not by a process of addition or 
juxtaposition. "In a word, the number of strokes was perceived as 
a quaJity and not as a quantity: it is thus that duration is presented 
to immediate consciousness, and it retains this form so long as it 
does not give place to a symbolical representation derived from 
extensity." 

Thus we should distinguish two kinds of multiplicity and two very 
different kinds of duration. There is the homogeneous duration, 
the extensive symbol of duration; and there is the heterogeneous 
duration, whose moments permeate each other. Likewise there is 
the numerical multiplicity of conscious states and a qualitative 
multiplicity: the self with well-defined states, and the self whose 
succeeding states melt into each other. We can expect, then, every 
conscious state to assmne a different aspect, according as we consider 
it within a discreet multiplicity or a confused multiplicity, in time 
as quantity or time as quality. The fleeting duration of our ego is 
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fixed by its projection into space, just as our constantly changing 
impressions take on the definite outlines and immobility of the 
external object which is their cause. We distort the feelings of 
immediate consciousness as soon as we distinguish a 
j^ggf^^^Qa^ niunerical multiplicity in their confused mass. The 
BiqiUin Only feeling lives because the duration in which it develops 
Our Si^erllcial is a duration whose moments interpenetrate. On the 
^"'*^^"* surface, our conscious states obey the laws of associa- 



tion, but deeper down they interpenetrate and form a part 
of ourselves. When we break up the elements of an idea, and think 
that the separated parts are the genuine threads of the idea; when 
we substitute for the interpenetration of the real t^ms the juxta- 
position of the symbols, we claim to make duration out of space and 
we fall into the mistakes of assodationism. The duration which 
the deep-seated conscious states create is a duration whose moments 
do not constitute a ntmierical multiplicity. 

The subject of free will brings into question the two rival systems 
of mechanism and dynamism. There are two kinds of determinism — 
physical and psychological; the former is reducible to the latter, and 
it rests on an inaccurate conception of the mtdtiplidty of axisdous 
states, or duration. To prove conscious states determined, we should 
have to show a connection between them and cerebral states, and 
Bergson tells us that there is no such proof. When we assume 
ph)rsical determinism to be universal, we also postulate psychological 
. _. . determinism. The determinist, deceived by a wrong 
going Associa- conception of duration and causality, holds that the 
tionism Must determination of conscious states is absolute. This 
Deny Free jg ^^ origin of associative determinism. The principle 
of the conservation of energy is not imiversally valid, 
because it implies that a system can return to its original state, thus 
neglecting duration; hence it is not applicable to living beings and 
conscious states. The belief in the conservation theory is rooted in 
the fact that inert matter does not seem to endure or preserve any 
traces of past time. But in the realm of life, duration seems to act 
like a cause, and the idea of putting things back in their places is 
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absurd when applied to living beings. ''Such being the case, is 
there not much to be said for the hypothesis of a ccmsdous force, or 
free will, which, subject to the action of time and storing 
^^bI^I^ up duration, may thereby escape the law of the con- 
dsely the Sz- nervation of energy?" The idea of the universality 
cotton to Am of conservation of energy depends upon a confusion 
Uw of i^ C<Pi)etween omcrete duration and abstract time. We are 
JJ^^y ^ led to bdieve that the real duration lived by conscious- 
ness is the same as the duration which passes over inert 
matter without penetrating it or altering it, because we observe 
ourselves through these forms borrowed from the external world. If 
we set up the principle of conservation of energy as universal, we 
identify true duration with apparent duration. 

Psychological determinism depends on an assodationist conception 
of mind; but assodationism involves a false conception of the self^ 
and fails to distinguish between the multiplicity of 
5*^^**^^ juxtaposition and that of fusion. A certain feeling, or 
Are S^ee and ^^' contains an indefinite plurality of conscious states, 
WotDeCer- but this plurality is not noticed unless it is spread out in 
""^■•^ ^ the homogeneous medium which some call duration, but 
^1^^^ * which is really space. Assodationism does not explain 

the deeper self ; it is an inaccurate psychology, misled by 
language, and only our everyday acts obey the laws of association. 
At great crises, our decisions are really free, and express the deeper self. 
The error of determinism is based on a misconcq>tion of duration. 

Suppose I hesitate between two possible actions, X and F. My 
mental states may be divided into two groups, one inclined toward X, 
An Accounts of ^^ Other toward F. "These opposite inclinations are 
AeisofWiU two symbols by which I represent at their arrival, or 
Deal with tiie termination-points, so to speak, two different tendendes 
?**^*^^ «^ of my personality at successive moments of duration. "^ 
ing and Not '^^ living activity of the self in which we distinguish by 
widitiie Urine abstraction two opposite tendendes will finally issue 
^^'^^^^^ dther at X or Y. U this symbolism represents the 

facts, the activity of the self has alwajrs tended in one direction, and 
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determinism results. The symbols and figures give only the memory 
of the process and not the dynamic progress which issued in the act. 
If only one course of action were possible, why did we believe our- 
selves free ? Both questions come back to this — ^Is time space ? 

Bergson then asks if the prediction of an act is possible. But in 
order to predict an act we must know completely the antecedents and 

TXT m* 1^ conditions of an action, and to know completely the 

It Is HWfttniiiy™ 

less to Ask antecedents and conditions of an action is to be actually 

Whether an performing it. We have not the right to cut short, 
Act Can Be ^yg^ y^y ^ second, the different states of consciousness 
through which Paul is going to pass before Peter, " for the 
effects of the same feeling, for example, go on accumulating at every 
moment of duration, and the sum total of these effects cotdd not be 
realized all at once imless one knew the importance of the feeling, 
taken in its totality, in relation to the final act, which is the very 
thing that is supposed to remain unknown." Therefore it is meaning- 
less to ask whether an act can be foretold, given all its antecedents. 
Whenever we claim to foresee an action, we confuse time with space. 
Time does not require to be seen, but to be lived. Science seems to 
point to many cases where we anticipate the future, as in astronomical 
predictions. ''Does not, then, the human intellect embrace in the 
present moment immense intervals of duration still to come ?" But 
a prediction of this kind does not resemble in the least the prediction 
of a volimtary act. 

If all the movements of the imiverse went twice as fast, there 
would be no change in astronomical phenomena or in mathematical 
equations; for time does not stand for duration, but for a relation 
between two durations, for a certain niunber of simultaneities. These 
simultaneities would still take place, but the intervals between them 
would have diminished. ''These intervals are just duration lived, 
duration which our consciousness perceives, and our consciousness 
woxild soon inform us of a shortening of the day, if we had not experi- 
enced the usual amount of duration between simrise and sunset." 
These intervals do not enter into the calculations of astronomical 
hypotheses, so that into a psychological duration of a few seconds 
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may be put several years or centuries of astronomical time. Real 
duration remains outside the calculation, and could only be perceived 
by a consciousness capable of living through these intervals. But 
these imits of time which make up living duration, and which are 
useless to the scientist, are just what concerns psychology; jot 
psychology deals with the intervals and not with the extremities of the 
interval. Consciousness does not perceive time as a simi of imits of 
duration — ^it has no way of measuring time, and no reason for measur- 
ing it; but a feeling which lasted only one day would for it lack 
richness of content. We give this feeling a certain name, and we 
believe that we can diminish its duration by half, and even halve 
the duration of all the rest of our history. It seems as though it wotdd 
be the same life, reduced only to a smaller scale, but we forget that 
states of consciousness are growing processes, and that we cannot 
vary their duration without altering their nature. The orbit of a 
planet might be perceived all at once or in a very short time, because 
its position or results of movement are the only things of importance, 
and not the duration of the intervals between the positions. But in 
dealing with a feeling, we perceive no precise result, except its having 
been felt, and to estimate this result it would be necessary to have 
passed through all the phases of the feeling itself and to have taken up 
the same duration. 

And does the very possibility of seeing an astronomical period in miniature 
thus imply the impossibility of modifying a psychological series in the same way, 
since it is only by taking this psychological series as an invariable basis that we 
shall be able to make an astronomical period vary arbitrarily as regards the miit 
of duration?' 

When we ask whether a future action could have been predicted, 
we identify the time of the exact sciences with real duration, which 
cannot be shortened by an instant without altering the nature of its 
content. Doubtless this false identification is made easier by the 
fact that in a great many cases we can deal practically with real 
duration as with astronomical time. When we have to determine 
future states of consciousness, we must view their antecedents as 

« Tim§ 9914 Pru Witt, p. xoT* 



Digitized by 



Google 



202 UNIVESSITY OF COLORADO STUDIES 

dynamic processes, because we are concerned with their influence 
akme. Their duraticm is this very infloence, and consequently it will 
not do to shorten futinre duratkm in order to picture it beforehand; 
we are bound to live this duration whik it is unfolding. As regards 
deep-seakd psychic sta$es, there is no apparetft difference behaeen fore- 
seeing, seeing, and acHng. 

Now if duratkm Is what we my, deep-seated psychic states are rsdicaUy 
heterogeneous to eadi other, and it is imponUe that any two of them idioidd be 
quite alike, smce they are two different moments of a Mf e-story. While the 
external object does not bear the mark of the time that has ehpsed, and thus in 
q>ite of the difference of time the physical can again encounter identical ele- 
mentary conditions, duration is something real for Uie consciousness, which pre- 
serves die trace of it , and we cannot here spetk of identical conditions, because the 
same moment does not occur twice.' 

The determinist argues that psychic phenomena are subject to 
the physical law — ^the same antecedents, the same consequents — 
but in inner states the same antecedents wffl never 
?*T?f^ occur again. If it is asserted that the effect is bound 
Nerer Occur ^P ^^ ^^ cause, it will mean either that the future 
Twice: Repe- action might have been foreseen, provided the ante- 
^^^^■•^ cedents were given, or the action having been per- 
Sxpeiiences ^onDed, any other action under the same conditions 
would have been impossible. But we have se^ni that 
both these asserticms are meaningless, because they involve a false 
conception of duration. Causality, meaning regular succession, 
does not apply to conscious states, and therefore cannot be used 
to disprove free will. Causality may be used as prefiguring in the 
case of mathematics. 

The very movements by which we draw the circumference of a drde on a 
sheet of pi4)er generate aU the mathematical properties of this figure: in this 
sense, an unlimited number of theorems can be said to pre-exist within the defini- 
tion, although they will be ^>read out in duration for the mathematician who 
deduces them.' 

It is supposed that motion has something to do with consciousness, 
and that space is filled with simultaneities, and that the physicist 
must show us how to calculate these simultaneities and their relations 

* Op. cU., pp. Z9Q-300. • /Mi., p. S04. 



Digitized by 



Google 



bergson's conception of duration 203 

for any moment of oitr duration. Descartes built up an ^'instantane- 
ous physics whidi was intended for a universe the whole duration of 
which mi^ as well be confined to the present moment." Spinoza 
assumed that the ^'indefinite duration of things was all contained in a 
sin^e moment, ^diich is eternity." Everywhere we find the desire 
to establish a relation of logical necessity between cause and effect, 
to do away with active duration, and ^'to substitute for apparent 
causality a fundamental identity." The more cause and effect are 
boxmd up together the more we try to put the eSed in the cause 
itself and thus eliminate the effect of duration. We do not behave 
today as we did yesterday imder the same conditions because we 
change, we endure. The more we believe in causality the more 
inclined we are to think of duration as subjective, and that things 
do not endure like ourselves. That the prefiguring of the future in 
the present is easily conceived under a mathematical form is due to a 
certain conception of duration which is familiar to common-sense. If 
we accq>t the dynamic conception of causality, we ascribe to things 
a duration like our own, whatever may be the nature of duration. 
The principle of causality involves two contradictory conceptions 
of duration, each of these by itself safeguards freedom; but taken 
together they destroy it. Sometimes all phenomena, physical and 
psychical, are regarded as ending in the same way that we do. Some- 
times, on the other hand, duration is regarded as the form of conscious 
states, and in this case things no longer endure as we do. 

Now, each of these two hypotheses ^en taken by itself safeguards human 
freedom; for the first would lead to the result that even the phenomena of Nature 
are contingent, and the second, by attributing the necessary detemiination of 
physical phenomena to the fact that things do not endure as we do, invites us to 
regard the self, which is subject to duration, as a free force.' 

The trouble is that we take the principle of causality in both 
senses at the same time. 

Sometimes we think of the regular succession of physical phenomena and of 
the kind of inner effort by which one becomes another; sometimes we fix our mind 
on the absolute regularity of these phenomena, and from the idea of regularity 
we pass by imperceptible steps to that of mathematical necessity, wiiich excludes 
duration understood in the first way.' 

• Jhid,, p. azs. •Ibid,, p. 9x6. 
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Although our deepest conscious states do not include numerical 
multiplicity, we yet break them up into parts, and although the 
elements of duration interpenetrate, yet duration expressed in terms 
of extensity shows distinct moments. Deep-seated psychic states 
can never occur more than once. Psychological phenomena led us to 
this conclusion, and a study of causality and duration has confirmed 
it. Things can be analyzed, but not processes; extensity can be 
broken up, but not duration. But if we persist in analyzing processes, 
they become things, and duration becomes extensity. If we define the 
free act by saying that it might have been left undone, we imply an 
equivalence between concrete duration and its spatial symbol; and 
as soon as we admit this equivalence we are led to the most rigid 
determinism. If we define the free act as ''that which could not be 
foreseen, even when all the conditions were known in advance," we 
Catisatioii and place ourselves at the moment when the act is being 
Freedom performed, for that is what we mean by dealing with 

Explained concrete duration; else we must admit that the matter of 
psychic duration can be pictured symbolically in advance, and that 
means treating time as a homogeneous medium or reasserting the 
equivalence of concrete duration with its spatial symbol, and this once 
more brings us to determinism. If we define the free act by saying 
that it is not of necessity determined by its cause, we mean that the 
same inner causes will not alwa3rs call forth the same effects, and we 
admit that the psychic antecedents of a free act can be repeated, that 
freedom is displayed in a duration whose moments resemble one 
another and that time is a homogeneous medium like space. Once 
more we are brought back to the idea of equivalence between duration 
and its spatial symbol and led to determinism. 

Every demand for e]q)lanation in regard to freedom comes back, without our 
su^>ecting it, to the following questions: "Can time be adequately represented 
by space?" to which we answer: Yes, if you are dealing with 
CImt^ f * ^™^ flown; no, if you speak of time flowing. Now the free act 
Facts takes place in time which is flowing and not in time which has 

already flown. Freedom is therefore a fact, and among the facts 
which we observe there is none clearer. All the difficulties of the problem, and 
the problem itself, arise from the desire to endow duration with the same attributes 
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as eztensity , to inteipret a succession by a simultaneity, and to e]q)ress the idea of 
freedom in a language into which it is obviously untranslatable.' 

The empirical school of today carries analysis still farther than 
Kant, and tries to make the extensive out of the intensive, space out 
of duration, and externality out of inner states. Psychic states seem 
to be more or less intense; looked at in their multiplicity, they unfold 
in time and constitute duration, and in their relations to one another 
they seem to determine one another. The three ideas of intensity, 
duration, and volimtary determination had to be purged of all that 
they owe to the sensible world or the idea of space. All of these 
preliminary considerations have been necessary in order for us to be 
able to take up the principal subject, the analysis of the ideas of dura- 
tion and volimtary determination. Duration within us is a qualita- 
tive multiplicity and has no likeness to number. It is an organic 
evolution, but yet does not increase in quantity. It is a pure hetero- 
geneity with no distinct qualities, or the moments of inner duration 
are not external to one another. Duration existing outside us is the 
present or simultaneity, and their moments do not succeed one an- 
other, except for a consciousness which keeps them in mind. If 
we put duration in space, we thereby place succession within simul- 
taneity and contradict ourselves. Consequently **we must not say 
that external things endure, but rather that there is in them some 
inexpressible reason by virtue of which we cannot examine them 
at successive moments of our own duration without observing that 
they have changed." While our consciousness thus introduces suc- 
cession into external things, these external things externalize the suc- 
cessive moments of our inner duration in relation to one another. 
Thus we get the mixed idea of a measurable homogeneous time in 
space, and duration in so far as it is succession, or the idea of measur- 
able time arises from compromise between the ideas of succession 
and externality. When science makes a close study of external 
things, it tears apart extensity and duration; for it keeps nothing of 
duration but simultaneity, aiid nothing of motion but inunobility, or 
the position of the moving body. The separation here is very close, 

■ Tim$ mid Frm Will, p. aaz. 
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and space gets the best of it, so that we shall have to make another 
separation in favor of duration, ipidien inner phenomoia are devekqping 
and make up the continuous evolution of a free person. Duration 
thus brought back to its purity will appear as a qualitative multiplicity 
a heterogeneity of dements that interpenetrate. One party has been 
led to deny freedom, and the other party to define it, and this leads 
involimtarily to a denial of free will, because they have not made the 
necessary foregoing separation. When they ask whether the act could 
or could not be predicted if all the conditions were given (and whether 
they assert it or deny it, they assmne that all the conditions might 
ideally be given in advance), they treat duration as homogeneous 
and intensities as magnitudes. There are two explanations that may 
be given: either that the act is determined by its conditions, thus 
using the word causally in a double sense, and giving to duration two 
forms which are mutually exclusive; or by appealing to the principle 
of the conservation of energy the inner world is made equival^it to 
the external world. Whenever freedom is denied, it is done on the 
basis of identifying time with space. Expmence refuUs deierminismy 
and any attempt to define freedom leads the way to determinism. 
This separation is favorable to science because science cannot fore- 
cast and measure unless things are assumed to be stable, and not 
changing and enduring as we are. So the breach comes about natu- 
rally between quality and quantity, true duration and pure extensity. 
But our conscious states have ever3rthing to gain by keq>ing up the 
illusion of reciprocal externality. They can be objectified and 
thrown out into society. Hence we see there are two different selves, 
one of which is the external, spatial, or social representation of the 
other, which is the inner or fimdamental self, reached only by deq> 
introspection. Here we see the inner states as constantly becoming, 
Moftof die interpenetrating; and their succession in duration has 
Thud We Are nothing in common with juxtaposition in space. But 
Not Frte s^^ moments when we really grasp ourselves are voy 

rare, and consequently we are rarely free. Most of the time we 
live outside oiurselves and perceive only a colorless ghost of ourselves 
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which dtiratimi projects into homogeneous space. ^' Hence our life 
unfolds in space rather than in time; we live for the external 
To Act Freely world rather than for ourselves; we speak rather than 
IitoBeOneHi think; we are acted upon rather than act ourselves. 
^•^ To act freely is to recover possession of one's sdf , and 

to get back into pure duration." 

Kant's ^eat mistake was to take time as a homogeneous medium; 
he did not understand that real duration was made up of interpene- 
TMnt Tnmtmd ^^^"^ hetcrogeueous mcmients, and that it was not a 
TimftLike homogeneous whole. He clung to freedom but put 
Spice as a the sdf outside both space and time. He thought that 
Hm ni>gffieoos psychic states were perceived in juxtaposition^ and 
forgot that such a medium would be space and not 
duration. Because he believed so thoroughly in freedom, he put it 
in the q>he]:e of noumena, and because he confused duraticHi with 
^ace he made this free sdf not only outside of space, but outside 
of duration and b^ond our faadty of knowledge. As a rule, we live 
and act outside our own sdves, in space and not in duration, yet we 
can always get back into pure duration where a cause cannot repeat 
its effect because it cannot repeat itself. Both the strength and weak- 
ness of Elaat lie in this confusion of duration with its symbol. If 
time, that is as duration, were homogeneous, science could deal with it, 
but we have tried to prove that duration, as duration, and motion, as 
motion, dude the grasp of mathematics, and this is what the Kantians 
failed to percdve. Besides, if duration were assumed to be homo- 
Cmm md geneous, the same states of consdousness could occur 
Bffact Ar» over and over again, and causality would imply neces- 
faM^ ^^ sary determination, and all freedom would be inq>ossible. 
but Causes Are ^^^ ^ Kant had conduded from this that true duration is 
Never Repeated heterogeneous, the latter difficulty would have been 
in Dtnatioii deared up; but instead he puts freedom outside time 
and space and makes an impassable barrier between phenomena and 
things-in-themselves. But the barrier is really easier to cross than he 
supposed. For if the moments of true duration permeate each other, 
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instead of lying side by side, and form a heterogeneity where the 
meaning of necessary determination is lost, then our deeper self 
is a free cause, and we have absolute knowledge of ourselves. But 
since this deeper self cannot be expressed in words, except by changing 
its nature, it is doubtless a great temptation to apply the distinctions 
of outer life to its own life, and to replace the qualitative multiplicity 
by a numerical plurality, set side by side and expressed by words. 
We thus get a homogeneous time instead of a heterogeneous duration. 
And this mechanism which we invented to explain our conduct will 
end by controlling it, and we shall have automatism instead of free- 
dom; all difference between duration and extensity, succession and 
simultaneity, will be abolished. But we should see that if our past 
states cannot be expressed in words or reconstructed in juxtaposition, 
it is because they are phases of our real and concrete diu'ation, a 
heterogeneous duration and a living one; also that the idea of deter- 
mination loses its meaning, that there is no question of foreseeing the 
act, or reasoning about the possibility of a contrary act after it has 
once been performed; for to have the conditions given is, in concrete 
diu-ation, to place one's self at the very moment the act is being per- 
formed. We must try to imderstand the illusion which makes one 
party deny freedom and the other define it. It is because the steps 
from concrete duration to symbolical duration are gradual, because 
we are seldom willing to get back into oiu* real selves and be free, 
and because even when the action is free we cannot reason about it, 
without setting its conditions out in space and no longer in duration. 
The problem of freedom has sprung from a misunderstanding, and 
'< has its origin in the illusion through which we confuse succession and 
simultaneity, duration and extensity, quality and quantity." 
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ANIMALS AND PLANTS DESCRIBED AS NEW 
FROM COLORADO, IN 1912, 1913, AND 1914 

By T. D. a! Cockerell 

The present list of new fonns described from Colorado is in continu- 
ation of that given in the University of Colorado Studies^ Vol. DC, 
May, 191 2, pp. 75-89. Every species described as new, the descrip- 
tion based wholly or in part on Colorado specimens, is included. For 
the year 1914, it has seemed best to include everything in the volumes 
of periodicals bearing that date, although some of the last numbers 
were not actually issued until early in 1915. The abbreviations 
are the same as those of the former list; t. l.»type locality, while 
extinct species are marked f. 

The size of the list is surprising, and shows the richness of Colorado 
in new materials, as well as the activity of workers. In spite of the 
conspicuous progress made, the work remaining to be done is very 
great; in certain large groups of invertebrates, in particular, hardly 
anything has been done on the Colorado fauna. In palaeontology, 
the field is extremely rich and interesting. Inniunerable species of 
cryptogamic plants remain unrecorded, while even among the higher 
plants critical work reveals much that is novel. 

The present record is concerned only with a single phase of bio- 
logical activity; it is hardly necessary to remark that the description 
of a new animal or plant is only the beginning of our knowledge of its 
natural history. 

PLANTAE 
Order AGARICALES 

Family AOARICACBAS 

MeUmolmicA praemagiui Murrill, N.Am. Flora, VoL X, Pt. i (1914). T. L in Sas- 
katchewan, but also found near Gunnison, Colo., under sage brush (E. Bartholomew). 

Order SPHAEROPSIDALES 

Cftlopactia (new genus) tinciilarlt Sydow, Ann. Myc., VoL X (191 2). On Quercus. 
Pahner Lake (E. Bethel). 

21s 
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Order MELANCONIALES 

CoiTneiiiii mega^ermum Sydow, t. c On Quercus. Palmer Lake (E. Bethel). 

Order HYSTERIALES 

Hyaterocraphium acerinum Peck, Bull. 167, N.7. Museum, 1913. On Acer gUibrum. 
Boulder (Bethel and Bartholomew). 

Order MONIUALES 

Cerooapora eoatomae Peck, BuU, 157, N, 7, Museum, 1912, p. 45. On living leaves of 

Eustoma andrewsU. Denver (Bethel). 
CercoaporaUa mirabiUa Peck, L c On living leaves of Crataegus rivularis. Morrison, 

Colo. (Bartholomew and Bethel). 

Order UREDINALES 

Peridennium betheli Hedgcock and Long, PkytopaiMogy, VoL m (1915), p. 251. On 
Pinus cotUcrta at Lake Eldora, Colo.; also collected at Tolland, Allenspark, and 
Arrow on this host; also on Pinus scopulorum at Allen^>aric, though the latter is not 
included in the description (Bethel, litt.). Arthur and Kern, Scteuce, VoL XLHI 
(1915), refer it to P. pyrifarme Peck. 

Pocdnia paeodocymopteri Holway, N, Am. Uredineae, VoL I, Pt. IV (1915). T. L, 
Ouray, Colo. (Bethel); also collected at Eldora (Bethel). 

P. tardiaaima Garrett, Mycdogia, VoL VI (1914)9 p. asi* On Areuana. T. L in Utah, 
but also found at Ouray (E. Bethel). 

Aeddium abroniae A. G. Johnson, Proc. Indiana Acad. Sci. for 191 1 (191 2), p. 384. Fort 
Collins, on Ahronia. The name is taken from Ellis and Everhart MSS; no descrip- 
tion is given. 

Order EQUISETALES 

Family BQUISBTACBAB 

Bqoiaetiim kanaanwm Schaffner, Ohio Naturalist, November, 191 2, p. 21. Type from 
Kansas, but also found at Mancos, Colo. This has been confused with E. laeeigatum, 
but is distinguished by aerial stems annual, smooth; cones without a point. 

Order POALES 

Family ORAlflNBAS (Poaceas) 

Festnea aororia Piper, Centr. US. Nat. Herb., VoL XVI (1913), p. 197. Type from 
Arizona, but also from Pagosa Peak (Baker) and Durango (Tweedy) in Colorado. 
Has passed as F.fralercula Rupr. 
fPhalaris (?) geometronim Cockerell, Torreya, April, 1913, p. 76. Florissant (G. N. 
Rohwer). 
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Faiolt CTPBRACSAB 

Cares heliophila Mackenzie, Tarreya, January, 1913, p. 15. Type from Missouri, but 
also found in Colorado, at Horsetooth Gulch (Crandall), Veta Pass (Rydberg and 
Vredand), Crystal Park (Clements), Larimer Co. (Crandall), Qjo Rydberg and 
Vredand), headwaters of Pass Cre^ (Rydberg and Vreeland), Fort Collins (Cowen), 
Dixon Canyon (Crandall), New ^^Hndsor (Osteriiout), and Colorado Springs (Jones) 
It has passed as C. pemuyhamca L. 

Order UUALES 

Faiolt ULIACBAS 

Bfodiaaa payaonii Nelson, Bot. GoMdte^ July, 1913, p. 63. Montrose, Colo. (E. E. 
Payson). 

Faiolt SMILACACBAB 

tSmilaz labidurommae CodLereU, Torreya^ August, 1914, p. 135. Florissant (W. P. 
CodLereU). 

Order AMARYLUDALES 
Faiolt IRIDACBAB (Ixiaceae) 

Siajxinchium jmicelliim Greene, Leaflets, VoL n (19x2), p. 373. Gunnison National 
Forest, in a mareh at 9,100 ft (Wm. H. Mast). "A strongly marked subalpine 
species, with short foliage and a peculiarly reedy aspect, though of a pale green 
herbage." Flowers deep blue. 

Order SAUCALES 

Family SAUCACBAB 

Popnfait andrawdi Sargent, Trees and Shtubs, VoL n (1913), p. 3X3. Near Boulder 
(D. M. Andrews) and Walsenburg (Bethel and Sargent). This is considered to be 
a hybrid P. acuminaiaXsargerUn. 

Order URTICALES 

Faiolt ULMACBAB 

CdtU rufosa Rydberg, Bull. Ton. BU. Club, VoL XXXDC (191 3), p. 304- Golden 
(Rydberg, Shear), gulch west of Pennock's Mountain Ranch (Crandall). The name 
is twice preocci^ied, and will have to be changed. 

Order RANALES 
Faiolt RANUNCULACBAB 

Delphinium pinetomm Udestrom, Proc. Bid. Soc. WasHngjkm, VoL XXVI (19x3)* p. X3X. 
Type from Ariz(ma, but also found on the Uncompahgre Plateau near Ridgway, O>lo. 
(Mellenthin). 
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Order PAPAVERALES 

Family FUMARIACBAB 

Capnoidet engelmmnH; Corydalis engdmannU Fedde, Rep, Sp. Nov., VoL X; cf. 

B^. Centralld., 1914, p 92. Near Empire (?), Colo., 8,500-9,000 ft 
Capnoidet macrorrhiza; Corydalis macrorrkiMa Fedde, L c; cf. t. c, p. 93, southern 

Colorado. 

Order ROSALES 

Family HTDRANGBACBAS 

Fandlera falcaU Thomber, Conir. US. N<U. Herb. Vol. XVI (19x3), p. 129. T^pe 
from New Mexico, but also in Colorado, at Dolores (Crandall), Cerro Summit (Baker), 
Bayfield (Cary), and Mancos (Baker). 

F. tomentelU Thomber, L c Type from Arizona, but also from Los Pinos, Colo. (Baker). 

Faiolt ROSACBAB 

Cercoearput argenteus Rydberg, N. Am. Flora, VoL XXn (1913), p. 422. Type from 

Texas, but also occurs in Colorado. 
Oeum decurreus Rydberg, t. c., p. 404. Type from Arizona but also found in Colorado. 

Faioly FABACBAB 

Attragalot macer Nelson, Boi. Gazette, July, 1913, p. 65. Paradox Valley, Colo. (E. P. 
Walker). Allied to A. lonchocarpus Gray; according to the Rydbergian S3rstem, it 
will be called Homalobus macer. 

Lopinits habrocomot Greene, Leaflets, VoL II (191 2), p. 235. Cochetopa Forest Reserva- 
tion, in aspen groves at 8,500 ft. (E. F. Clark). 
tRobinia metozoica Cockerell, Torreya, February, 19x2, p. 32. Paleocene, north of 
Whitdy Peak, Colo. (N. E. Hinds). 

Order MYRTALES 

Family ONAORACBAB (Epilobiaceae) 

Chylitma walkeri Nelson, Bot. GoMdte, July, 19x3, p. 66. Paradox Valley, Colo. 

(E. p. Walker). Flowers'yellow, 2 mm. long. 
Oenothera cockerelU Bartlett; de Vries, Gruppewweke Artbildung, 1913, p. 56. Boulder, 

Colo. (T. D. a. Cockerell). 
Oe. procera Wooton and Standley, Contr. US. Nat. Herb., VoL XVI (19x3), p. xs6. 

Type from New Mexico, but it is said to be part of Rydberg's Oe. strigosa of Flora 

of Colorado. 
Oaura indota Wooton and Standley, t. c, p. 153. T^pe from New Mexico, but it b 

"most, if not all" of the G. glabra of Rydberg, Flora of Colorado, 
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Order UMBELLALES 

Family AMMIACBAB 

CoftwdUa c<indnn« Osterhout, MuUenbergia, Vol Vm (191 2), p. 44. Paonia, Cob. 
(Osterhout). 

Order ERICALES 

Family PTROLACSAB 

Chimayhna ocddtntaUa Rydberg, N. Am. Flora, VoL XXDC (1914), p. 30. Type 
from Idaho, but also occurs in Colorado. 

Family BRICACSAB 

Azaleaatnuii warranli Ndson, Bat, GoMette, July, 1913, p. 67. Lower slope of Mt. Zirkd, 
Colo., 9,275 ft. (E. R. Warren). 

Order PRIMULALES 

Family PRIMULACBAB 

Androtaee caiinata mut. ndsom Cockerell, Torreya, December, 19x3, p. 270. Above 
timber line. Long's Peak trail (Cockerell). 

Order GENTIANALES 

Family OBNTIAIIACBAB 
Otntiana polyantlia Nelson, Bot, GoMette, July, 1913, p. 68. Iron Springs, Mesa, Cob. 
(E. p. Walker). According to Rydberg's system, this will be Amardla pciyaniha. 

Order ASCLEPIADALES 

Family APOCTNACBAB 

Apocynnm carfinnm Greene, Leaflets, VoL II (19 1 2) , p. 1 74. Deer Run, Gunnison River 
region (Baker). Confused with A. cannabinum. 

Order POLEMONIALES 

Family POLBMONIACBAB 

CalUtterit vtolacea Greene, Rep, Spec. Nov., VoL Xm (1914), p. 320. Colorado. 

Cattisteris is a subgenus of GUia. 
Leptodactylon brevifoUum Rydbeig, BuU. Ton. Bot. CM., VoL XL (1913), p. 475* 

Type from Utah, but a doubtful specimen (without flower) from Gunnison, Cob. 

(Baker). Allied to L. pungens. 
Phlox tenuis Wooton and Standley, CorUr. US. Nat. Herb., VoL XVI (1913), p. 161. 

Type from New Mcdco, but apparently this spedes from Cerro Summit, Cob. 

(Baker). 
Poltmoninm eoafertum mut. albiflorum Cockerell, Torreya, December, 1913, p. 270. 

Above timber line on Long's Peak trail (CockoreU). 
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Family HTDROPHTLLACSAB (Hydroleaceae) 

BUitia nyctaltA var. cohradmsis Brand, Pflanze$treich, Hydxophyllaceae, 1913, p. 39. 

Gunnison watershed, Cerro Summit (Baker), between Colorado Springs and Denver 

(Jones), Horsetooth Gulch (Crandall). 
Hydrophylium capitatum v. pumiluM, subv. dmsum Brand, t. c., p. 33. Colorado 

(Warren). 
Phacelia cenulata v. bakeri Brand, t. c, p. 79. Ouray and Cimarron (Baker). 
P. gUndulosa sub^. euglandulosa v. australis Brand, t. c, p. 83. Manitou (Clements), 

near Lake City, Hinsdale Co. (Purpus), near Cumbres, San Juan Mts., Conejos Co. 

(Baker). 
P. mageUanica sub^. harhata f . angustifoHa Brand, t. c, p. 98. Horsetooth Mt. (Cowen). 

Leaves linear-lanceolate. 
P. mageUanica subsp. harhata f. haUii Brand, t. c, p. 99. Manitou (Ball). 
P. mageUanica subsp. harhata f . griseophytta Brand, Umv. Calif. PM., Botany ^ Vol IV 

(191 2), p. 218. In Pflansenreich this is dted from Routt Co., Rabbit Ear Range 

(Goodding), and Clear Creek (Parry). 
P. neomezicana v. euneomexicana Brand, Pflantettreich, HydrophyUaceae, 19x3, p. 83. 

Near Salida (Baker, Earle and Tncy), Platte Canyon near Cassel's, Pai^ Co. (Mrs. 

and Miss Henry). 
P. neomezicana v. miophyUa Brand, t. c, p. 84. Canyon City (Brandegee). 

Family BORAOIN ACSAB 

Mtrtensia refracta Nelson, Bot. GoMctte, July, 1913, p. 69. Wagon Wheel C^p, 9,000 ft. 

(A. A. GriflSn). 
Oreocarya paradoza Nelson, L c Paradoz Valley (£. P. Walker). 

Family SCRGPHULARIACSAB (Rhinanthaceae) 

Ptntttemon gxiillnli Nelson, t. c, p. 70. Rio Grande Valley, Colo., 8,200 ft. (Alfred A. 
Griffin). 

Order RUBIALES 

Family CAPRIFOUACBAB 
tSambttcus eUisiat CockereU, Torreya, April, 1913, p. 75. Florissant (U. of Colo. Exped.). 

Order CARDUALES 

Family CARDUACBAB 

Chaenactit alpina leucopsis; C. leucopsis Greene, Leaflets, VoL II (191 2), p. 221. 

Needle Mts., southwestern Colorado, 11,500 ft. (Whitman Cross). 
Cirdam arcoatum; Carduus arcuatus Osterhout, MuhUnbergia, April, 1913, p. 55. 

Paonia (Osterhout). Remarkable for its stout spines. Flowers whitish. 
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C. modtstimi; Carduus modestus Osteriiout, t. c, p. 54. Thompson R. Canyon ju£t 
east of Estes Park (Osterhout). Distinguished by the small heads and long thick- 
ened bracts, which are not at all fimbriate. Flowers whitish. 

Srigtron ealllanthemnt Greene, Leaflets ^ Vol. 11 (191a), p. 197. Northern Colorado 
(Parry), southern Colorado (Baker), Little Ouray Mt. below Marshall Pass (Greene). 
Has been caUed E. salsuginosus. 

B. eaatwoodUt Wooton and Standley, Conir, US. N(U. Herb,, Vol XVI (1913), p. 183. 
Type from New Mexico; but probably is the E, beUidastrum dted by Rydberg from 
McElmo Canyon, Colo. 

B. iodanthos Greene, Leaflets, VoL II (191 2), p. 209. Southern Colorado, 10,500 ft. 
(F. H. Knowlton). 

B. mbicundiis Greene, t. c, p. 208. Near Silverton (Alice Eastwood). 

QnaphaHnm d«ciirrent gUndulotiim Osterhout, MuUenbergia, VoL Vm (191 2), p. 45. 
Estes Park (Osterhout); also Sulphur Springs, Grand Co. 

H^lianthua aridiis v. cUnnus Cockerell, Science, August, 21, 19x4, p. 284. Between 
Boulder and Goodview (T. and W. Cockerell). 

H. eoloradentit Cockerell, Proc. Biol, Soc. Wash., VoL XXVII (1914), p. 6. East of 
Boulder (Cockerell), and about Windsor (Osterhout). 

H. eolormdentit v. andrewsi Cockerell, t. c, p. 7. Boulder (D. M. Andrews). 

H. lenticularis v. prifmdinus Cockerell, Science, August 21, 1914, p. 284. Near Good- 
view (T. and W. Cockerell). 

Machaeranthtra pulrtniltnta v. vacans Nelson, Bot. GaMette, July, 1913, p. 70. Paradox, 
Coventry, and San Miguel Canyon, Colo. (E. P. Walker). 

S«nedo rotulatiis v. primtdinus Cockerell, Torreja, December, 1913, p. 272. Estes 
Park Village (CockereU). 

Family CICHORIACBAB 
Agottria apiculata Greene, Rep. Sp. Nov., VoL Xm (1914), p. 320. Colorado. 
Taraxacum fatdenlatttm Nelson, Bot. Gautte, July, 1913, p. 71. Wagon Wheel Gap; 

Blue Park (A. A. Griffin). None of the involucral bracts reflexed. 
Tragopogon porrifoUntXdubiiia CockereU, Tarreya, October, 1912, p. 245. Boulder 

(CockereU). 

ANIMALIA 

Phylum PROTOZOA 

SuBPHYLUM MTCETOZOA 

Didymiam anomalom Sturgis, Colo. CoU. PM., Vol. LXVm (1913), p. 444- T. 1., 

Colorado Springs, Colo. (Sturgis). On inner bark of Populus. 
Bnerthentma syncarpon Sturgis, t. c, p. 448. T. L, Pagosa Springs, Colo. (Sturgis). 

On decayed wood of Pinus. 
FnUgo media Macbride, Mycologia, Vol. VI (1914)} P* I47* "Repeatedly taken in 

Colorado." 
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F. mtgatpora Sturgis, t. c, p. 443. T. L, Cheyenne Mt., Colorado Springs (Sturgis). 

On dead bark of Abies and Pinus, and on twigs on the ground; also from Lake 

Albert Edward, Africal 
Phytamm bethel! Mad>ride; in lister, Myc$t<noa,76. ed., p. 57. Tolland, Cdo. 

SUBPHYLUM SPOROZOA 

Order GREGARINIDA 

Amphoroctphaliis (new genus) amphortUiis Ellis, Zool. Anzdger^ March 14, 1913, p. 463. 

Near Boulder (Ellis). In Scclopendra heros. 
Oregarina conaobrina Ellis, Trans, Amer. Micr. Soc., VoL XXXn (1913), p. 267. Near 

mouth of Boulder Canyon. In CeiUkophUus valgus, 
Stenophora robutta Ellis, Zool, Anseiger, Vol. XL (191 2), p. 8. Green Mountain, near 

Boulder (Ellis); Boulder (Rosamond Patton, CockereU). In Parajidus and Ortho- 

morpka, 
Stylocephalnt giganttoa Ellis, Zocl, Anzeiger, January 3, 191 2, p. 25. Boulder (Ellis) 

In EUodes, 

Phylum ECHINODERMATA 
Family CIDARIDAB 

tMioddaxia cannoni Jackson, Mem, Bost, Soc. Nat, Hist,, VoL Vn (191 2), p. 247. Near 
Denver; Millsap Formation, Lower Carboniferous (George Day). 

Phylum VBRMIDEA 
Class NEMATHBLMINTHIA 

Oateragia buIloBa Ransom and Hall, Proc, US, Nat, Mus,, VoL XLII (191 2), p. 176. 

T. 1., Wells Ranch, Resolis, Colo. (Ransom)* In sheq>. 
RictolarU tplendida Hall, Proc. US, Nat, Mus,, VoL XLVI (1913)* p. 77- T. L, Amo, 

Colo. (Hall). In intestine of Canis nebrascensis. 

Class CHAETOPODA 

Cambarincola (new genus) macrodonta Ellis, Proc, US, Nat, Mus,, VoL iCLII (191 2), 
p. 481 ; U, of Colo, Studies, Vol. DC (191 2), p. 51. Boulder (Margaret Hawkins and 
E. Bethel). On Cambarus diogenes. 

Phylum BRACHIOPODA 

tSchizambon manitouensit Walcott, Monog. US. Geol, Surv,, VoL LI, Pt. z (19x2), 
p. 623. (Received February, 1913.) T. 1., Williams Canyon, Manitou, Colo.; 
Lower Ordovidan (T. W. Stanton). 
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Class CRUSTACEA 

Family BRANCHIPODIDAB 

BrtnchinMtt paekardi Peane, I4tk Rept. Mich, Acad, Sci,, 19x2 (pub. 1913), p. 192. 
T. L, La Junta, Colo. (G. S. Dodds). Later taken by Dr. Max M. Ellis at St. Vrain, 
Colo., in company with Streptocepkalus iexanus. It was determined by Dr. Dodds. 

Class DIPLOPODA 

Family PABAIUUDAB 

Paraiuliit gaiint Chamberlin, Ann, Ent, Soc, Amer,, Vol V (191a), p. 167. Tolland, 
Colo., August, 1911 (Cockerel!) . 

Class CHILOPODA 

Family UTHOBODAB 
ArenobfaM coloradanus Chamberlin, t. c., p. 141. Manitou, Colo. (Chamberlin). 
Sostbius ponconiua Chamberlin, t. c, p. 153. Marshall, Colo. (Cockerell). 

Class ARACHNIDA 
Order ACARINA 

Tetranjchus weldoni Ewing, Ann, E$U, Soc. Amer,, December, 1913 (pub. January, 
1914), p. 457. Grand Junction, Colo. (G. P. Wddon). On apple, prune, and 
Cottonwood. 

Order ORTHOPTERA 

Family MABTIDAB 

tBobmnezia (new genus) teMeUata Cockerell, Proc, US, N(U, Mus, Vol. XLIV (1913), 

p. 343. Florissant (G. Hambach). 
flithophotina cottalia Cockerell, Eniomohgist, 1914, p. 34. Florissant (Wickham). 

Family ACRIDHDAB 
tTyrbula scodderi Cockerell, Eniomohgist, 1914, p. 33. Florissant (Wickham). 

Family LOCUSTIDAB 

tAmblyeorypha (?) perdita Cockerell, Proc. Acad, N(U, Sci, PkUa, for December, 1914, 
p. 636. Florissant (Wickham). 

Order NEUROPTERA 

FAmLY RAPHIDHDAB 

tRaphidia pulrerit Cockerell, Jour, cf Geohgy, Vol. XXII (1914), p. 7i4- Ftorissant 
(Wickham). 
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Family CHRTSOPIDAB 
tPalaeochryM fr«cta Cockerell, t. c, p. 716. Florissant (Wickham). 
fP. wickhami CockereU, t. c, p. 717. Florissant (Wickham). 

Order ARCHIPTERA 

Family BPHBMSRIDAB 

Heptagenia cozalit Banks, Proc, Acad, Nat. Set. Pkila. for 1914, p. 615. Clear Creek, 
Colo. (Oslar). 

Order ISOPTERA 

Family TSRMITIDAS 

tParotermtt acoddtri Cockerell, Entom. News, VoL XXIV (1913), p. 8. Fbrissant 
(W. P. Cockerell). 

Order DO NAT A 

Family AORIONIDAB 

Agrion aeqtsabile coloradiciim Cockerell, Psyche, 1913, p. 173. Overland Lake, Boulder 
Co., Colo. (G. Hite). 

Family ABSHNIDAB 

tOpionaeaclina Upidaria Cockerell and Counts, Proc. US. Nat. Mus.,WolXLV (1913). 
p. 577. Florissant (S. A. Rohwer). 

Order COLEOPTERA 

Family CICINDEUDAS 
Cidndela audax Casey, Mem. CcHeop. VoL IV (1913), p. 29. Colorado. 
C. formoia loznriota Casey, t. c, p. 24. T. L, near Denver (Soltau). 
C. lantd E. D. Harris, Jour. N.Y. Ent. Soc., Vol. XXI (1913), p. 69. T. 1., "in Jefferson, 

Colo." p. E. Lantz). 
C. limbalis eldorensia Casey, t. c, p. 33. T. L, Eldora, Colo. 
C. purpurea auguralia Casey, t. c, p. 21. Colorado. 
C. purpurea inducta Casey, t. c, p. 22. Colorado. 

Family CARABIDAS 

Agonodarut obUqulua Casey, Mem. Coleop. VoL V (1914), p. 297. T. L, in Utah, but 

a slightly varietal form from Fort Collins, Colo. 
Agonoleptut (new genus) parvicept Casey, t. c, p. 285. T. L, Colorado Springs (Wick- 
ham). 
tAmara cocktreUi Wickham, Bull. Lab. N.H. Univ. Iowa, VoL XUV (191 2), p. 7. 

Florissant (Cockerell). 
fBtmbidium floriasantentt Wickham, BuU. Lab. N.H. Univ. Iowa, May, 1913, p. 6. 
Fbrissant (Wickham). 
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Bofhrioptenit luicollit Casey, Mem. CcHeop., Vol. IV (1913), p. 143. Colorado. 

B. aazatilis Casey, L c, "Abundant in Boulder Co., Colo." 
Calathiis coloradentit Casey, t. c, p. 157. T. L, Boulder Co., Colo. 

C. redttctu Casey, t. c, p. 158. Colorado (Levette collection). 
Caralras patuUcoIlit Casey, t. c, p. 57. "Probably taken in Colorado." 

C aerratos Tesasensit Casey, t. c, p. 59. T. L, in New Mexico; but also a specimen, 

"possibly from southern Colorado." 
Cymindis m^montis Casey, t. c, p. 183. T. 1., Boulder Co., Colo. 
Diacoderos hespemt Casey, Mem. Cokop. ,Vol. V (19x4)1 P* 163. "Kansas, Texas, and 

Colorado (Boulder)." 

Harpalua aeqtsabilit Casey, Mem. Coleop., Vol. V (1914), p. 100. T. L, Buena Vista, 
Colo. ()^ckham). 

H. cdoradeniit Casey, t. c, p. in. Boulder Co., Colo. 

H. enrticomia Casey, t. c, p. 124. SaUda, Colo, (^^ck]lam). 

H. tgregiiia Casey, t. c, p. 88 (alienus Lee., preocc). Boulder Co., Colo. 

H. leeontai Caseyi t. c, p. 117 (oblUus Lee., not Dej.). New Mexico, Colorado, and 
Arizona. 

H. madltntiia Casey, t. c., p. 96. T. L, Boulder Co., Colo. 

H. mobilia Casey, t. c, p. 112. T. L, Boulder Co., Colo. 

H. paaluloa Casey, t. c., p. no. T. L, Eldora, Colo. 

H. perapiciiiia Casey, t. c, p. loi. T. 1., Boulder Co., Colo. 

H. probatna Casey, t. c, p. 119. New Mexico and Colorado. 

H. ieduans Casey, t. c, p. 106. T. L, Colorado (Levette). 

H. aejnnctua Casey, t. c., p. 126. T. L, Eldora, Colo. 

Ntbria catenata Casey, Mem. Cokop., VoL IV (1913), p. 49. Colorado (Levette collec- 
tion). 

N. incerta Casey, t. c, p. 53. Cobrado (Levette collection). 

N. mobilia Casey, t. c, p. 50. Colorado (Levette collection). 

Nothopna obtains Casey, Mem. Coleop., VoL V (1914), p. 56. Cobrado. 

Notiophilas erantscens Casey, Mem. Coleop., Vol. IV (19x3), p. 47. T. L, Boulder Co., 

Colo. 
Pasimachna acuminatna Casey, t. c, p. 88. "Probably taken in Colorado." 
P. ancaatnliia erantscens Casey, t. c, p. 84. "Probably collected in Colorado." 
Philophiiga puelia Casey, t. c, p. X76. T. 1., Boulder Co., Colo. 

tPlalynna florisaantenait Wickham, BuU. Lab. N. H. Univ. Iowa, May, 19x3, p. 7. Floris- 
sant (\^ckliam). 

Selonophorua scolopaceut Casey, Mem. Coleop., Vol. V (19x4), p. 150. Colorado. 

Stenoloplint capitosua Casey, t. c, p. 281. T. 1., Boulder Co., Colo. 

tTachyt haywardi Wickham, BuU. Lab. N.H. Univ. Iowa, May, 19x3, p. 7. Florissant 
(Wckham). 
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fTrediiis fractal Wickhaniy Bull. Lab. N.B. Unh. Iowa, VLxy, 19x2, p. 6. Florissant 
(U. o! Cob. E]q>ed.}. 

FAMiLy DTTISCIDAB 

tAgalras Charon Wickham, BuU. Lab. N.H. Univ. Iowa, May, 191 2, p. 8. Florissant 
(U. o! Colo. Exped.). 

tA. floriMMmteniit Wickham, Proc. US. Nal. Mus., Vol XLV (1913), p. 285. Florissant. 

tBideaaua laminantm Wickham, BJi.C.Z., Vol. LVm (i9i4)> P- 4^6. Florissant 
(Scudder). 

tCoelambiis miocenns \^ckliam, Bull. Lab. N.H. Univ. Iowa, May, 19x2, p. 7. Floris- 
sant (George N. Rohwer). 

tHydropoma sedimtntamm Wickham, BM.C.Z., Vol. LVm (X914), p. 427. Florissant 
(Scudder). 

Family HTDROPHUJDAB 

tCreniphilittt (new genus) orphena \^ckhani, Bull. Lab. N.H. Univ. Iowa, May, 1913, 

p. 8. Florissant (Wickham). 
tHydrobina titan Wickham, t c, p. 7. Florissant (^^ckham). 

Famili^ SILPHIDAB 
tAniaotoma aibyUa Wickham, Proc. US. Nat. Mus.,Vol. XLV (1913), p. 285. Florissant. 
tHydnobina tibialis \^ckham. Bull. Lab. N. H. Univ. Iowa, May, X913, p. 9. Fbrissant 

(^^ckham). 
tMioailpha (new genus) necrophOoidea Wickham, Bull. Lab. N. H. Univ. Iowa, May, 19x2, 

p. 9. Florissant (W. P. Cockerell). 
tSilpha btttttnmneUeri \^ckham, BJi.C.Z., Vol LVm (1914), p. 428. Florissant 
(Scudder). 

Fahxly PAUSSIDAS 

tPanssoptis secunda Wickham, Bull. Lab. N.H. Univ. Iowa, May, X912, p. 10. Floris- 
sant (George N. Rohwer). 

Family STAPHTUNIDAS 

tAleocharopsis (new genus) caaeji Wickham, Proc. US. Nal. Mus., VoL XLV (X9X3), 
p. 286. Florissant. 

tA. aacunda V^ckham, t. c, p. 287. Florissant. 

fAtheta (?) floriasantenaia Wickham, Bull. Lab. N.H. Univ. Iowa, May, 1913, p. 9. 
Fbrissant (Wickham). 

tDeleaster grandicaps Wickham, Bull. Lab. N. H. Univ. Iowa, May, 191 2, p. 12. Floris- 
sant (George N. Rohwer). 

tHomalium antiquorum Wickham, Bull. Lab. N.H. Univ. Iowa, May, X913, p. xx. 
Florissant (Wickham). 

tLathrobium antedUnvianiun Wickham, t. c, p. xo. Florissant (Wickham). 
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tMioUthocharit (new genus) Uthographica Wickham, Proc. US. Nat, Mus., Vol. XLV 
(1913), p. 389. Florissant. 

tOxyttlos tnbapterus Wickham, BuU, Lab. N.H. Univ. Iowa, May, 1913, p. iz. Floris- 
sant O^ckham). 

tPaedenit adumbnitat Wickham, t. c, p. 10. Florissant (Wickham). 

tQnedittt mortoos Wickham. BuU. Lab. N.H. Univ. Iowa, May, 1912, p. zi. Floris- 
sant (S. A. Rohwer). 

tStaphylinnt yolcan Wickham, Proc. US. Nat. Mus., Vol. XLV (z9Z3>, p. 288. Floris- 
sant. 

Family COCCINELLIDAS 

tCocdnelU florissantMisit Wickham, BJf.C.Z., Vol. LVm (Z9Z4), p. 429. Florissant 

(Scudder). 
tC. lodoma Wickham, Ann. Ent. Soc. Amer., Z913, p. 360. Florissant (Princeton 

Exped.). 

Family EROTTLIDAS 

tTritoma diluylana Wickham, BJi.C.Z., Vol. LVm (19Z4), p. 430. Florissant (Scudder). 
fr. matema Wickham, BuU. Lab. N.H. Univ. Iowa, May, 191 2, p. 13. Florissant (S. A. 

Rohwer). 
fT. tnbmersa Wickham, 1. c. Florissant (U. of Colo. Exped.). 

Family COLTDnDAB 

tCiconet oblongoponctata Wickham, BuU. Lab. N.H. Univ. Iowa, May, 1913, p. 12. 

Florissant (Wickham). 
Lasconotat toberctilatat £. J. Kraus, Proc. Ent. Soc. Wash., Vol. XIV (1912), p. 35. 

Type from S. Dakota, but also in Colorado (Palmer Lake). 
L. tnbcottalatns £. J. Kraus, t. c, p. 40. Type from Idaho, but also at Boulder, Colo. 
tPblotonemitet (new genus) miocennt Wickham, BuU. Lab. N.H. Univ. Iowa, May, 

191 2, p. 1$. Florissant (W. P. Cockerell). 
tRhagoderidea (new genus) striata Wickham, B.M.C.Z., Vol. LVm (i9i4)» P* 43z- 
Florissant (Scudder). 

Family CUCUJIDAS 

flithocoryne arcuata Wickham, Proc. US. Nat. Mus., Vol. XLV (1913), p. 290. Floris- 
sant. 

fL. coloradensit Wickham, Trans. Amer. Ent. Soc., Vol. XL (19 14), p. 258. Florissant 
(Wickham). 

Family CRTPTOPHAGIDAB 

tAntherophagttt megalopt Wickham, Ann. Ent. Soc. Amer., Vol. VI (1913), p. 360. 

Florissant (Princeton Exped.). 
tCryptophagttt bassleri Wickham, Proc. US. Nat. Mus., Vol. XLV (1913), p. 290. 

Florissant. 
tC. acodderi Wickham, BJd.C.Z., Vol. LVm (1914), p. 432. Florissant (Scudder). 
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Family MTCBTOPHAOIDAB 

fMycetopluifiii eztermiiuitiis Wlckham, Bull. Lab, N.H, Univ. Iowa, May, 19x3, p. 13. 

Florissant O^ckham). 
tM. wiUistoni Wickham, t. c, p. 1 2. Florissant (Wickham). 

Family DSRMBSTIDAB 

tAttageniis aboriginalis Wddiam, Ann. E$U. Soc. Amer., VoL VI (1913), p. 361. Floris- 
sant (Princeton Ezped.). 

fDennttttt tertiarint Wickham, Bull. Lab. N. H. Univ. Iowa, May, 191 2, p. 14. Floris- 
sant (W. P. Cockerell). 

f Orphans duhint Wckham, t c, p. 15. Florissant (W. P. Cockerell). 

Family NITIDUUDAB 
tAmartos petrtfactos Wickham, L c. Florissant (U. of Colo. Ezped.). 
tCoIastiis pygidiaUa Wickham, BuU. Lab. N.H. Unh. Iowa, May, 1913, p. 13. Floris- 
sant (V^hckham). 
f Cyehramittt (new genus) hirtos Wickham, t. c., p. 14. Florissant (Mckham). 

Family LATHRIDHDAB 

tCorticaria attema Wickham, Trans. Amor. Enl. Soc., VoL XL (1914), p. 259. Fbris- 

sant (Wickham). 
tC. tgrtgia Wickham, BJi.C.Z., Vol. LVDI (19x4), p. 433- Florissant (Scudder). 
tC. ocdnta Wickham, L c. Florissant (Scudder). 
tC. petrtfacta Wickham, Bull. Lab. NM. Umv. Iowa, HLbly, 19x3. Florissant (Wickham). 

Family TBMNOCHILIDAB 

fTenebrioidtt cormgata Wickham, Proc. U.S. Nat. Mus., VoL XLV (19x3), p. 29X. 
Florissant. 

Family BTRRHIDAS 

Byrrhiis canterios Casey, Mem. CoUop., VoL m (19x2), p. 27. T. L, Leadville (Wick- 
ham). 

B. ezpUcatns Casey, L c. T. 1. , Leavenworth Valley, Coloi, xo,ooo-x x ,000 ft. (Wickham) . 

B. Tafer Casey, t. c, p. 30. T. L, Leadville (Wickham). 

tChelonarium montannm Wickham, BJi.C.Z., VoL LVm (19x4), p. 434. Florissant 
(Scudder). 

Cytilnt altematns longolut Casey, Mem. Cokop., VoL m (19x2), p. x8. ''Washington 
State and British Columbia to Colorado; those from the last-named region more 
sober in coloration." 

Bulimnichiit analit coloradentis Casey, t. c, p. 47. T. L, Denver. 

Simpiocaria tubnuda Casey, t. c, p. x6. ''Colorado." 



Digitized by 



Google 



COLORADO ANIMALS AND PLANTS NEW IN 1912, 1913, AND 1914 227 

Family PARNIDAB 

fDryopt teauior Wickham, Bull. Lab, N.H, Unio, Iowa, May, 191 2, p. 16. Florissant 

(W. P. CockcreU). 
tLntrodiitet (new genus) locontei Wickham, L c Florissant (W. P. Cockerell). 

Family DASCTLUDAB 

tBctopiia laticollit \V^ckliam, Bull. Lab. N. H. Unk. latoa, May, 19x3, p. 15. Florissant 

(Wickham). 
tMiocy^hon (new genus) ponctiilatiit Wickham, BJi.C.Z., Vol LVm (1914), p. 437. 

Florissant (Scudder). 
tProtacnatos (new genus) temticomia Wickham, t. c., p. 436. Florissant (Scudder). 

Family BLATSRIDAB 
fBncntmis antiquatos Wickham, t. c., p. 437. Florissant (Scudder). 

Family THROSCIDAB 

tPactopns americanos Wickham, Trans. Amer. Enl. Soc., VoL XL (1914), p. 259. 
Fk>rissant (^^ckham). 

Family BUPRBSTIDAB 

tAgriliit pratpolitva Wickham, BM.C.Z., VoL LVm (1914), p. 442. Florissant 
(Scudder). 

tAnthazia ezhumata l^ckham, Prac. US. Nal. Mus.,VoL XLV (i9i3),p. 292. Fk>rissant. 

tBnpnatis floriMwnttnsia Wickham, BJi.CZ., Vol. LVm (1914), p. 438. Florissant 
(Scudder). 

fB. acoddtri ^^^ckham, t c, p. 439. Florissant (Scudder). 

tChiyiobotfarit eoloradantit Wickham, t. c., p. 441. Florissant (Scudder). 

tC. tnppresta Wickham, t. c, p. 440. Florissant (Scudder). 

tDicerca enrydica Wickham, t. c., p. 438. Florissant (Scudder). 

fMelanoyhfla cockerellat Wickham, Bull. Lab. N.H. Univ. laufa, May, 1912, p. 17. 

Florissant (W. P. Cockerell). 
tM. handlinehi Wickham, 1. c. Florissant (S. A. Rohwer). 
tM. hetri Wickham, Trans. Amer. Enl. Sac., VoL XL (19x4), p. 260. Florissant 

(Wickham). 
tPtosima abytsa; Acmaeoiera abyssa Wickham, Bull. Lab. N. H. Umo. Iowa, May, X9X2, 

p. X9. Florissant (U. o! Cob. Ezped.). 
tP. ichaeflferi; Acnuieodera schaefferiW\dsh:im,t.c.,^.iZ. Florissant (W. P. Cockerell). 
tP. rihratica Wickham, B.M.C.Z., VoL LVm (X9X4), p. 44X. Florissant (Scudder). 

Family LAMPTRIDAB 
fMiocaenia (new genus) pectinicomis Wickham, t. c, p. 443. Florissant (Scudder). 
tPodabrus floriiianteniis ^ckham, t. c, p. 44. Florissant (Scudder). 



Digitized by 



Google 



228 UNIVERSITY OF COLORADO STUDIES 

fP. fragmtntatiit Wickham, L c. Floriasant (Scudder). 
tPoltmittt crauicomis Wickham, t. c, p. 445. Florissant (Scudder). 
tPyxopyga prima Wickham, Bull. Lab, N.H. Unh, Iowa, May, 191 3, p. 19. Florissant 
(W. P. Cockerdl). 

fXelepliomt htspoma Wickham, BM.C.Z., VoL LVm (19x4), p. 445. Fk>rissant 
(Scudder). 

fX. humatns Wickham, Ann. Enl. Soc. Amer., VoL VI (1913), p. 362. Florissant 

(Princeton Ezped.). 
tTryphemt aborifinalia Wickham, 1. c. Florissant (Princeton Ezped.). 

Family MALACHnDAB 

CoUopt difcrttos Fall, Jour. N. Y. Enl. Soc., December, 19x2, p. 26x. T. L, Trouble- 
some, Colo. No collector dted, but it was collected by S. A. Rohwer. 

fC. priacot Wickham, BJi.C.Z., Vol. LVm (X914), p. 446. Florissant (Scudder). 

to. dttnetat Wickham, t. c, p. 447. Florissant (Scudder). 

to. eztmius Wickham, 1. c. Florissant (Scudder). 

tBttdaaytitet (new genus) liatriformis Wickham, Bull. Lab. N.H. Unk. laufa. May, 
X9X2, p. X9. Florissant (S. A. Rohwer). 

fTrichochront mioctnnt Wickham, t. c, p. 20. Florissant (W. P.Cockerell). 

Family CLBRIDAB 

tEnodemt florissantentis \^ckham, B.M.C.Z., VoL LVDI (19x4), p. 448* Florissant 

(Scudder). 
tB. pristiniia Wickham, t. c., p. 449. Florissant (Scudder). 
Hydnocera lecontei Wolcott (subaenea Lee, not Spinola), Bull. Lab. N.H. Univ. Iowa, 

May, X9X 2, p. 62. Many localities, including Greeley, Georgetown, Colorado Springs, 

Ouray, and Salida, Colo. 
tH. wolcotti Wickham, Bull. Lab. N.H. Univ. Iowa, May, X913, p. 15. Florissant 

(^ckham). 
fNecrobia sibylla Wickham, Trans. Amor. Enl. Soc., Vol. XL (19x4), p. 261. Florissant 

(Wckham). 

Family PTINIDAB 

tEmobitif effetiis Wickham, BJi.C.Z., Vol. LVm (19x4), p. 450. Florissant (Scudder). 

f Oligomemt florissantentis Wickham, t. c, p. 451. Florissant (Scudder). 

to. (?) duratot Wickham, L c Florissant (Scudder). 

tVrilletta tenuistriata Wickham, Bull. Lab. N.H. Univ. Iowa, May, 19x3, p. x6. Floris- 
sant (Wickham). 

tXestobiom alntaceum Wickham, Ann. Ent. Soc. Amor., Vol. VI (19x3), p. 363. Floris- 
sant (Princeton Exped.). 

tGastraUanobium (new genus) iubconfnium Wickham, Trans. Amer. Ent. Soc., VoL XI 
(19x4), p. 261. Florissant (Wickham). 
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Family BOSTRICHIDAS 

tAmphictrns tnbtaerU Wickham, BJf.C.Z., Vol LVm (1914), p. 452. Florissant 

(Scuddcr). 
fDinodenit cnneicoilii V^ckham, BuU. Lab, N,H, Univ. Iowa, May, 1913, p. 16. 

Florissant O^ckham). 
tProtapatt (new genus) contorta, Wickham, Bull. Lab. N.E. Univ. Iowa, May, 191 2, 

p. 20. Florissant (Mrs. C. Hill). 
fZylobiopt lacttstrt Wckham, t. c, p. 21. Florissant (S. A. Rohwer). 

Family LUCANIDAS 
tLncanua fouilia Wickham, Proc. US. Nat. Mus., Vol. XLV (1913), p. 293. Florissant. 

Family SCARABABIDAB 

tAphodintaborisinalia Wickham, Bull. Lab. N.H. Univ.IouHi, May, 1912, p. 22. Floris- 
sant (W. P. Cockcrell). 

tA. restmctot ^ckham, L c. Florissant (U. of Colo. Ezped.). 

fA. shoshonis Wickham, t. c, p. 23. Florissant (U. of Colo. Ezped.). 

tA. granarioidet Wickham, Proc. US. Nat. Mus., VoL XLV (1913), p. 293. Florissant. 

tA. inimdatot Wickham, Trans. Amer. Ent. Soc., VoL XL (1914), p. 262. Florissant 
(Wickham). 

tA. praeemptor Wickham, BuU. Lab. N.H. Univ. Iowa, 1913, p. 17. Florissant ()^ck- 
ham). 

tA. mediaema Wickham, BJi.C.Z., Vol. LVm (1914), p. 455. Florissant (Scudder). 

tA. sMiez Wickham, t. c, p. 456. Florissant (Scudder). 

tAnomala ezterranea Wickham, t. c, p. 459. Florissant (Scudder). 

tA. seodderi Wickham, t. c, p. 460. Florissant (Scudder). 

tDiplotazU aurora Wickham, Proc. US. Nat. Mus., Vol. XLV (1913), p. 294. Floris- 
sant. 

tD. 8implicip«t Wickham, Bull. Lab. N.H. Univ. Iowa, May, 191 2, p. 25. Florissant 
(U. of Colo. Exped.). 

tHoplia striatipemiis Wickham, BJi.C.Z., Vol. LVm (1914), p. 457. Florissant 
(Scudder). 

tLigyros effetns Wickham, t. c, p. 461. Florissant (Scudder). 

tlistrochelnt puerilis Wickham, t. c, p. 459. Florissant (Scudder). 

tMacrodactylnt pluto Wickham, Bull. Lab. N.H. Univ. Iowa, May, 19x2, p. 24. Floris- 
sant (Walter Reed). 

tM. propheticut Wickham, t. c, p. 25. Florissant (U. of Colo. Ezped.). 

tMioladmottema (new genus) triitoidet Wickham, BJi.C.Z., VoL LVm (1914), p. 458. 
Florissant (Scudder). 

tOzymnt ntarcticut Wickham, t. c, p. 453. Florissant (Scudder). 
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tSerica antedihiTUuiA Wickham, Bull. Lab. NM. Umo, lowa^ May, 1912, p. 23. 
Florissant (W. P. CockereU). 

tS« cockereUi Wkkhaniy Trans, Amer, Eni. Soc.^ VdL XL (1914), p. 262. Florasant 

(Wickham). 
tStratecna ceiaataa Wickham, BJi.C.Z., VoL LVn (1914), p. 461. Florissant (Scudder). 

FAMiLy CBRAMBTaDAB 

tAcanthoderet lengU Wickham, Trans. Amor. Enl, Soc,, VoL XL (19x4), p. 265. 

Ftorissant (Wickham). 
Acmaeopt aurora Casey, Mem, CcHeop,, VoL IV (1913), p. 244. Magnolia, Cdo. (Mrs. 

T. L. Casey). 
A. coloradtnsis Casey, L c. Magnolia, Cdo.; also Fraser, Colo. (C. A. Frost). 
A. obioltta Casey, t. c., p. 243. Colorado (Levette collection). 
A. parktri Casey, t. c, p. 242. Boulder Co., Colo. (F. Y. Parker). 

A. poncticepa Casey, t. c, p. 243. Colorado (Levette collection). 

Anocomia (new genus) lignea parvicoOia Casey, Mem, Coleop,, VoL m (19x2), p. 272, 

Colorado. 
Aaamnm parvicomt Casey, t. c, p. 260. Boulder Co., C>>lo. 
Brachyltptara boiildaranila C&sey, Mem, Coleop,, VoL IV (1913), p. 252. Boulder Co., 

Cob. 

B. anbqtsadrata Casey, t. c., p. 251. Colorado (Levette collection). 
Brachyaomida (new genus) lanatnla Casey, t. c., p. 224. Colorado. 

B. morata Casey, t. c, p. 222. Summit of Mt. Arapahoe, nearly 13,000 ft. alt. 
CaUoidea biformia C&sey, Mem, Coleop,, Vol. HI (191 2), p. 358. New Mexico and 

Colorado. 

C. coloradanait Casey, L c. Colorado. 

tCalUdioptitea (new genus) grandlctpt Wickham, Ann, Enl, Soc,*Amer,, VoL VI (1913), 

p. 364. Florissant (U. of Colo. Ezped., also Princeton Ezped.)* 
tClytaa florinantenria Wickham, BJf.C.Z., VoL LVm (1914), p. 464. Fbrissant 
(Scudder). 

Crlocephalna aspema impressna (Casey), Mem, Coleop., VoL m (191 2), p. 264. 
Boulder Co., Colo. This and the next were published by Casey under Nolhorkina, 
but he added a footnote stating that they really constituted a section of Criocepkalus, 
true Nothorkina not occurring in America. 

C. apissicomia (Casey), 1. c. Boulder Co., Colo. 

C. ipiaticomia longiconiia Casey, 1. c. Boulder Co., Cob. 

C. cavicoUia Casey, t. c, p. 266. Colorado (James F. Kemp). 

Croasiditta tubrnttaUicua Casey, t. c, p. 341. Boulder Co., Cob. 

Dectea alticola Casey, Mem. Coleop., VoL IV (1913), p. 342. Colorado, Montana, and 
New Mexico. Food-plant, sunflower; see Cockerel!, Entomologist, 1914, p. 195. 
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tBlftpUdion ttrtiiietam l^ckham, BJi.C.Z,, Vol LVUI (1914), p. 463. Florissant 

(Scuddcr). 
tGanrotM striatopimctatat Wickham, t. c, p. 465. Florissant (Scudder). 

Hainmodenit ampUpwmia Casey, Mem. Coleop., Vol IV (1913), p. 295. Cobrado 
(Lcvcttc). 

Homatathttis dtbiUcept Casey, Mem. Coleop., Vol m (191a), p. 255. Colorado (J. F. 
Kemp). 

H. pttbicoDia Casey, t. c., p. 254. Colorado. 
tHylotnipet pnneticollit Wickham, Trans. Amer. EfU. Soc., Vol XL (i9i4)» p. 264. 

Florissant O^^ckham). 
Hyperplalys montaaa Casey, Mem. Coleop., Vol IV (1913), p. 325. Boulder Co., Colo. 
JndoUa trajtcta Casey, t. c, p. 250. Boulder Co., Colo. 

Leptaemaeopt (new genus) altieola Casey, t. c., p. 239. Veta Pass, Colo. (Schwarz). 
L. pnnctlTtntria Casey, t. c, p. 238. Colorado (Levette), and New Mexico. 

tL^ptottyhis acodderi Wickham, BM.C.Z., Vol LVIU (1914), p. 469. Florissant 
(Scudder). 

tLeptnni antecorrens ^^ckham, Proc. US. Nal. Mus., VoL XLV (1913), p. 295. Floris- 
sant. 

L. anraola Casey, Mem. Coleop., VoL IV (1913), p. 268. Colorado (Levette); also 

Boulder Co., Colo. 
tL. ingenoa Wickham, BM. C.Z., VoL LVIU (1914), p. 467. Florissant (Scudder). 
tL. laldyi Wickham, Ann. Ent. Soc. Amer., Vol. VI (1913), p. 364. Florissant (Princeton 

Ezped.). 
tL. nanella Wickham, BM.C.Z., VoL LVm (1914), p. 466. Florissant (Scudder). 
tL. petromm Wickham, Bull. Lab, N.H. Univ. Iowa, May, 191 2, p. 26. Florissant 

(W. P. CockcreU). 

tL. pondMoalsaima Wickham, Proc. US. Nai. Mus., VoL XLV (19x3), p. 295. Florissant. 

L. (CoamosaUa new subgenus) praettana Casey, Mem. Coleop., VoL IV (1913), p. 267. 
Colorado. 

MonaQema nubecola Casey, t. c., p. 282. Kansas and Colorado. 

M. rector Casey, t. c, p. 287. Cobrado. 

Monochamns montlcola Casey, t. c, p. 293. Rocky Mts., of Colorado; also Montana 

and Oregon. 
M. atrennoa Casey, L c Colorado (Levette). 
Ophiatomia ochrelpannia Casey, t. c, p. 278. From the Levette collection, perhaps from 

Colorado. 
O. aimqlana Casey, L c. Cobrado (Levette). 
tPalaeoamodicom (new genus) hamOtoni Wickham, Trans. Amer. Enl. Soc., VoL XL 

(1914), p. 264. Fbrissant (Wickham). 
tPhymatodea mbeaniciia Wickham, BM.C.Z., VoL LVm (1914), p. 462. Fbrissant 

(Scudder). 
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Pogonocherni cariiuitttt Casey, Mem, CUeop,, Vd. IV (1913), p. 346. Cdorado. 

P. •margimtwi Casey, t. c, p. 347. Colorado. 

Prioims consort Casey, Mem. CoUop,, VoL m (191 2), p. 340. Boulder Co., Cob., 

abundant. 
P. solidna Casey, t. c, p. 238. Colorado (Levette). 
tProtipochos (new genus) Tandykei \^ckham, BJi.C.Z., VoL LVm (1914), p. 468. 

Florissant (Scudder). 
fProtondderes (new genus) primiia Wickham, Bull, Lab, N,H. Univ, Iowa, May, 1913, 
p. 18. Florissant (^^ckham). 

Rhagium montanum Casey, Mem, Coleop,, VoL IV (1913), p. 197. Fraser and Boulder 
Co., Colo.; also in New Mexico. 

fScaptolenoptis (new genus) wilmattae Wickham, Trofu, Amer. Enl. Soc,, VoL XL (1914), 

p. 263. Fbrissant (W. P. Cockerell). 
fStenotphenas prittiniia \^ckham, B,M.C,Z,, VoL LVm (1914), p. 463. Fbriasant 
(Scudder). 

Strangalia minuscnla Casey, Mem, Coleop.^ VoL IV (1913), p. 260. Colorado (Levette). 

Strophiona (new genus) belUna Casey, t. c, p. 265. Colorado. 

Tetraopes jtmctoi Casey, t. c, p. 380. ^'Probably from Colorado." 

T. robostus Casey, t. c, p. 381. Levette collection; probably from Colorado. 

T. vettitiis Casey, t. c, p. 378. Colorado. 

Typocems confloeni Casey, t. c, p. 272. Kansas and Colorado. 

Xylotrecliiis inflaticoUis Casey, Mem, CoUop,, VoL m (191 2), p. 360. Boulder Co., Colo. 

Family CHRTSOMBLIDAS 
tCoUipis diluTiaUt Wickham, B Jf .C.Z., VoL LVm (1914), p. 47i* Fbrissant (Scudder). 
fC. proserpina Wickham, t. c, p. 472. Florissant (Scudder). 
fCiioceridea (new genus) dobla ^ckham, Bull, Lab, N, H. Univ, Iowa, May, 191 2, p. 27. 

Florissant (George N. Rohwer). 
tCryptocephalua mioceniia Wickham, Bull, Lab, N.H. Univ, Iowa, May, 19 13, p. 18. 

Florissant (Wickham). 
tDUbrotica bowditchiana Wickham, BM,C,Z,, Vol. LVm (1914), p. 473* Florissant 

(Scudder). 
fD. florltsantella \^ckham, t. c, p. 474. Florissant (Scudder). 
fD. ttteana Wickham, t. c, p. 473. Florissant (Scudder). 
fDonacia primaeva Wickham, Bull. Lab, N,H, Univ. Iowa, May, 191 2, p. 26. Florissant 

(S. A. Rohwer). 
tHaltica renovata Wickham, BJi.C.Z., Vol. LVm (1914), p. 47^- Florissant (Scudder). 
fLema fortior Wickham, t. c, p. 470. Florissant (Scudder). 
fL. lesquereuxi Wickham, Trans. Amer. Enl. Soc,, VoL XL (1914), p. 266. Florissant 

(Wickham). 
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fLttperodef •obmoiiilis Wickham, L c. Florissant (Wickham). 

tMotachroma floritiantontis Wickham, BuU, Lab. N.H, Univ. Iowa, May, 19 12, p. 28. 

Florissant (U. of Colo. Exped.). 
fOdontota americana Wickham, B.M.C.Z., VoL LVm (1914), p. 479. Florissant 

(Scuddcr). 

fPlectrotetrophanes (new genus) hageni Wickham, t. c, p. 477. Florissant (Scudder). 
tProchaetocnema (new genus) florissantella Wickham, t. c, p. 478. Florissant (Scudder). 
tSyitena florissantensis Wickham, Proc. US. Nat. Mus., VoL XLV (1913), p. 296. 
Florissant. 

tTxirhabda majuscnla Wickham, B.M.C.Z., VoL LVm (1914), p. 475. Florissant 

(Scudder). 
fT. megacephala Wickham, 1. c. Florissant (Scudder). 
fr. Mpolta Wickham, t. c, p. 474. Florissant (Scudder). 

Family BRUCHIDAS 

tBrnchos aboriginalii Wickham, B.M.C.Z., VoL LVm (1914), p. 482. Florissant 
(Scudder). 

fB. bowditchi Wickham, Bull. Lab. N.H. Univ. Iowa, May, 191 2, p. 30. Florissant 

(S. A. Rohwer). 
fB. caipophiloides Wickham, BJi.C.Z., Vol. LVm (1914), p. 482. Florissant (Scudder). 
fB. dormescens Wickham, Proc. US. Nat. Mus., VoL XLV (1913), p. 297. Fbrissant 
fB. ezhumattti Wickham, Bull. Lab. N.H. Univ. Iowa, May, 191 2, p. 29. Florissant 

(T. D. A. Cockerell). 
fB. florltsantenais Wickham, t. c, p. 30. Florissant (S. A. Rohwer). 
fB. haywardi Wickham, t. c, p. 31. Florissant (George N. Rohwer and W. P. Cockerell). 
fB. henshawi ^ckham, t. c, p. 28. Florissant (U. of Colo. Exped.). 
fB. osbomi Wickham, t. c, p. 32. Florissant (W. P. Cockerell). 
fB. primoticiia Wickham, BJi.C.Z., VoL LVm (1914), p. 480. Florissant (Scudder). 
fB. scnddeii Wickham, Bull. Lab. N.H. Univ. Iowa, May, 191 2, p. 31. Florissant 

(S. A. Rohwer). 
fB. tubmertos Wickham, BJi.C.Z., VoL LVm (1914), p. 481. Fbrissant (Scudder). 
fB. sttccintu Wickham, Bull. Lab. N.H. Univ. Iowa, May, 1913, p. 19. Florissant 

(Wickham). 
fB. wilsoni Wickham, 1. c. Florissant (Wickham). 
fSphermophagos ploto Wickham, BJi.C.Z., VoL LVm (1914), p. 480. Florissant 

(Wickham). 

Family TBNBBRIONIDAS 

Asidopsis (new genus) obsidiana Casey, Mem. Cokop., Vol. Ill (191 2), p. 193. Colorado. 
A. servilis Casey, t. c, p. 199. Salida, Colo. (Wickham). 
A. tensa Casey, t. c, p. 197. Colorado (Schaupp). 
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tBUpttiniia linelU l^ckham, Ftoc. US, Nat. Mus., Vol. XLV (1913), p. 298. Floris- 
sant. 
Bttichides adTena Casey, Mem, Coleop,, Vol. m (1912)1 p. 143. Cdorado (Scliaupp). 
Olyptaaida (new genus) aegim imperfecta Casey, t. c, p. 102. "Probably taken in 

Colorado.'' 
O. iordida porcatula Casey, t. c, p. 97. Colorado (F. G. Scfaaupp). 
Gonaiida (new genus) aocta Casey, t. c, p. 122. La Junta, Colo. 
tMioatenotis (new genus) Ucordairei \^ckham, Proc. US. Nat.Mus., Vol XLV (1913), 

p. 297. Florissant. 
fPlatydema antlqiianim Wlckham, BuU. Lab. N.H. Univ. Iowa, Biay 191 2, p. 32. 

Florissant (U. of Colo. Exped.). 
tP. bethonei Widdiam, Proc. US. Nat. Mus., Vol XLV (1913), p. 299. Florissant 
fProteleates (new genus) centralis ^ckham, Tram. Amer. E$U. Soc., VoL XL (i9i4)» 

p. 267. Florissant (Wickham). 
tProtoplatycera (new genus) laticomia Wickham, BJf.CZ., VoL LVm (1914). p. 4^4* 

Florissant (Scudder). 
fUltts minatut \^ckham, Tram. Amer. Ent., Soc., VoL XL (1914), p. 267. Florissant 
(^^ckham). 

Family CISTBLIDAS 

fCapnochroa senilia Wickham, Ann. Ent. Soc. Amer., VoL VI (1913), p. 365. Florissant 

(Princeton Ezped.). 
tCittela antiqua Wickham, L c. Florissant (Princeton Ezped.). 
tC. Tulcanica Widdiam, BJf.C.Z., VoL LVm (i9i4)> P* 485. Florissant (Scudder). 
fHymenonts haydeni Wickham, t. c, p. 486. Florissant (Scudder). 
flsomira florisaantensis \^ckham, L c. Florissant (Scudder). 
fL aurora Widdiam, Tram. Amer. Ent. Soc., Vol. XL (1914), p. 268. Florissant (yndk- 

ham). 

Family PTTHIDAS 

fPythoceroptis (new genus) tincQlaris Widdiam, Bnll. Lab. N.E. Univ. Iowa, May, 
1913, p. 21. Florissant (Wickham). 

Family OBDBBIBRIDAS 

tCopidita miocenica Wickham, BJf.C.Z., VoL LVm (1914), p. 487- Florissant 

(Scudder). 
fPaloedemera (new genus) crattipea Wckham, t. c, p. 488. Florissant (Scudder). 

Family MORDBLLIDAB 
fMordeUa stygia Wickham, t. c, p. 489. Florissant (Scudder). 

f Mordellistena florisaantensis ^ckham, BuU. Lab. N.H. Univ. Iowa, May, 191 2, p. 33. 
Florissant (S. A. Rohwer). 



Digitized by 



Google 



COLORADO ANIMALS AND PLANTS NEW IN 1912, 1913, AND 1914 235 

tM. nearctica Widdiam, Trans. Amer. E$U, Soc,, Vol XL (1914), p. 268. Florissant 
(Wickham). 

tM. protogaea Wickham, t. c, p. 269. Florissant (Wickham). 

tM. scndderiana Wickham, t. c., p. 268. Florissant (Wickham). 

tM. smithiana Wickham, Bull. Lab. NJH. Univ. Iowa, May, 1913, p. 21. Florissant 
(^Tickham). 

tTomozia innndata Wickham, BJf.C.Z., Vol LVm (1914), p. 487. Florissant (Scudder). 

Family ANTHICIDAS 

tBrachytarsna (?) dabiua Mckham, Bull. Lab. N.E. Univ. Iowa, May, 19x3, p. 27. 

Florissant (^ckham). 
tCorphyra calypao l^ckham, BJi. C.Z., Vol. LVm (1914)1 p. 49i- Florissant (Scudder). 
tlithomacratria (new genus) mirabilla \^ckham, t. c, p. 490. Florissant (Scudder). 

Family MBLOIDAS 
tCanthaxis Uthophlliia \^ckham, t. c, p. 492. Fbrissant (Scudder). 
tBpieanta iubneglecta Wickham, L c Florissant (Scudder). 

tNemognatha tzsecta Wickham, Bull. Lab. N. H. Univ. Iowa, May, 19x2, p. 34. Floris- 
sant (W. P. Cockcrdl). 

tTetraonyz minuscula \^ckham, BJf.C.Z., VoL LVm (19x4), p. 491- Florissant 
(Scudder). 

Family RHTNCHITIDAS 

tAuletes floriaaantensia Wickham, Bull. Lab. N.H. Univ. Iowa, VoL VI, May, 1913, 

p. 22. Florissant (Wickham). 
tDodrhynchiis ibis Wickham, Bull. Lab. N. H. Univ. Iowa, May, 19x2, p. 34. Florissant 

(George N. Rohwer). 
Bodyptos sejtmcttis Fall, Trans. Amer. Enl. Soc., VoL XXXDC (1913), p. 45. Colorado, 

from Mr. Blanchard. 
tBognamptldaa (new genus) tertiaria Wickham, Bull. Amer. Mus. N. Hist., Vol. XXXI 

(1912), p. 42. Florissant (S. A. Rohwer). 
Rhynchites bicolor wickham! Cockerell, Entom. News, Vol. XXm (19x2), p. 82. 

Boulder (Cockerell). It is an important pest of roses, killing the bud. 
tTrypanorhynchos ezilis Wickham, Bull. Lab. N.H. Univ. Iowa, May, 19x3, p. 23. 

Florissant (Wickham). 
tr. minotiasimas Wickham, t. c, p. 22. Florissant (Wickham). 
tr. obliqaos ^ckham, t. c, p. 23. Florissant (Wickham). 

Family OTIORHTNCHIDAB 

Cifflbocara pauper sericaa Pierce, Proc. US. Nat. Mus., VoL XLV (19x3), p. 379. 
T. 1. in Utah, but also from Canyon City, Garland, and Grand Valley, Colo. 

tCyphoa floriaaantensia Wickham, BJi.C.Z., VoL LVm (19x4), p. 493. Florissant 
(Scudder). 
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Bpicaenis wickhami Pierce, Ftoc. VJS, Nat. Mus,, Vol XLV (1913), p. 414. T. L in 

New Mexico, but also from Colorado. 
tOphryattes champioiii Wickham, BuU. Amer. Mus. N, Hist,, Vol XXXI (1912), p. 44. 

Florissant (W. P. Cockerell). 
tOphryaatites miocenua Wickham, L c Florissant (S. A. Rohwer). 

Family CURCUUGNIDAS 

fAcaUea ezhumattta Wickham, BuU, Lab, N, H, Univ, Iowa, May, 1913, p. 34. Florissant 
(Wickham). 

tAnthonomiia rohweii Wickham, BuU, Amer. Mus, N, Hist,, Vol. XXXI (191 2), p. 48. 

Fbrissant (S. A. Rohwer). 
A. tphaeralceae Fall, Trans. Am, Ent. Soc., Vol. XXXIX (1913), p. 55. (The name 

was printed in error "sphaeraldae.") Type from Arizona, but the author referred to 

the same spedes q>ecimens collected by Cockerell on the University Campus, Boulder, 

in September, and at Halfway House, Pike's Peak. The data are imperfectly recorded 

in the original publication. 
fBalaninna eztinctoa Wickham, BuU. Amer. Mus. N. Hist., Vol XXXI (1912), p. 53. 

Florissant (W. P. Cockerell). 
fB. florltsantenfis Wickham, BuU. Lab. N. H. Univ. lovoa, May, 1913, p. 26. Florissant 

(Wickham). 
fBaris cremaBtorhynchoides Wickham, t. c, p. 25. Florissant (^^ckham). 
fB. floiiasanteniit Wickham, t. c, p. 24. Florissant (Wickham). 
fB. hoTeyi Wickham, BuU. Amer. Mus. N. Hist., Vol XXXI (191 2), p. 52. Florissant 

(S. A. Rohwer). 
tB. schiicherti l^ckham, L c Florissant (W. P. Cockerell). 
tCleonna eatriatns Widdiam, t. c, p. 47. Florissant (W. P. Cockerell). 
tConiatns differens Wickham, t. c, p. 46. Florissant (W. P. Cockerell). 
fConotrachelos floristanteniit Wickham, t. c, p. 49. Florissant (W. P. Cockerell). 
tCryptorhynchiis coloradenait Wickham, t. c, p. 50. Florissant (George N. Rohwer). 
tC. falU Wickham, t. c, p. 51. Florissant (W. P. Cockerell). 
tDorytomos Tiilcanictts Wickham, t. c, p. 48. Florissant (W. P. Cockerell). 
Oerttaeckeria teateUata Pierce, Proc, US, Nat, Mus,, VoL XLII (1912), p. 162. T. L 

in Wyoming, but also from Colorado Springs (^^ckham). 
Magdalia lecontei tenebrosa Fall, Trans. Amer. Ent. Sac., VoL XXXIX (1913), p. 28. 

New Mexico, Colorado, and California. 
fPachybarifl ntdis Wickham, BuU. Lab. N, H, Univ, Iowa, May, 191 2, p. 35. Florissant 

(U. of Colo. Exped.). 

Family IPIDAS 

Dryocoetes confttsus Swaine, Canad. Entom., December, 1912 (pub. January, 1913), 

p. 351. Colorado. 
D. minutttt Swaine, t. c, p. 352. Colorado. 
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D. pnbosceni Swaine, t. c, p. 350. Colorado. 

These three spedes described by Swaine are in the Cornell University collection, with 
the number 302. Professor J. C. Bradley kindly gives me the following information; 
"Under lot 302 I find the following statement: The Roberts collection of Scolytidae 
purchased from J. D. Sherman, Jr., November, 1906, originally constituted the greater 
part of the Juelich collection named by £. A. Schwarz. Sub. 37 [D. pubescens] 
was named D. granicoUis; sub. 35 {D, confusus] was named D. sepUnUrionis; sub. 94 
must have been an error, as there is no such number recorded." 

tHylaatef americanos Wickham, BuU, Lab, N,H. Univ. Iowa, Vol. VI (May, 1913), 
p. 27. Florissant (Wickham). 

fHylurgopa piger Wickham, 1. c. Florissant (Mckham). 

Ipa pilifrons Swaine, Canad, EfUotn., December, 1912, p. 353. Colorado. 

tXyleboritet (new genus) longipennit Wickham, BuU. Lab. N.H. Unio.Iawa, May, 1913, 
p. 26. Florissant (Wickham). 

Order HYMENOPTERA 

Family ICHNSUMONIDAS 

Campeplez helltilae X^ereck, Proc. US. Nat. Mus., VoL XLII (1912), p. 631. Type 

from California; but also found at Rocky Ford, Colo. (H. O. Marsh). 
C. (Campeletidea new subgenus) caradrinae Viereck, t. c, p. 634. Rocky Ford, Colo. 

(H. O. Marsh). Parasitic on Caradrina exigua. 
AngitU ploteUae Viereck, Proc. U.S. Nat. Mus., Vol. XLIH (191 2), p. 583- Rocky 

Ford, Colo. (H. O. Marsh). Parasitic on PluteUa omissa. 
Pezomachiia coloradenais Strickland, Ann. Ent. Soc. Amer., Vol. V (191 2), p. 122. 

Colorado. 

Family OPHIONIDAS 

Ophion bOineatiif elongatus C. W. Hooker, Trans. Amer. Ent. Sac., Vol. XXXVm 

(191 2), p. 30. Colorado. 
Thyreodon femaldi C. W. Hooker, t. c, p. 131. "Mexico, Arizona, Colorado." 

Family BRACONIDAS 

Meteoms mamettrae Viereck, Proc. US. Nat. Mus., Vol. XLVI (1913), p. 364. Rocky 

Ford (H. O. Marsh). Parasitic on Mamestra trifclii. 
Atcogaster olethreoti Viereck, Proc. U.S. Nat. Mus., VoL XLII (1912), p. 617. Type 

from Pidlman, Wash., but one specimen from Colorado (Baker). 
Sympha nigricomis Rohwer, Entom. News, Vol. XXV (1914), p. 170. Colorado. 
tAlyiia niskii Cockerell, Canad. Entom., July, 1913, p. 231. Florissant (Willard Rusk). 

Family TORTMIDAS 

Megaatigmos ladocarpae Crosby, Ann. Ent. Soc. Amer., VoL VI (1913), p. 163. Rye, 
Colo., reared from seeds of Abies lasiocarpa received from O. S. Mackelfresh. 
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Family PBRILAMPIDAS 

PeriUmpns anomoeerns Crawford, Froc, Ent. Soc, Wash., VoL XVI (1914), p. 72. 

Colorado (Baker). 
P. bakeii Crawford, L c. Colorado (Baker). 
P. aimiUf Crawford, t. c, p. 73. Colorado (Baker). 

Family BULOPHIDAS 

Derostenus pictipes Crawford, Proc. US. Nat. Mus,, VoL XLIII (19x2), p. 180. Fort 

Collins (C. N. Ainslie). Reared from Hordeum. 
Notaoiaomorpha alnaliei Crawford, t. c, p. 185. Fort Collins (Ainslie). Reared from 

Agromyza on Agropyran, 
Zagrammoioma llaToUneata Crawford, Proc. US. Nat. Mus., VoL XLV (1913), p. 255. 

Colorado. 

Family SCBLIONIDAS 

tPalaeotdeia (new genus) oiyura Cockerell, Proc. Acad. Nat. Sci. PkUa. for 1914, p. 638. 
Florissant (^ckham). 

Family FORMICIDAS 

Formica bradlayi Wheder, Bull. Mus. Comp. Zool., VoL Lm (1913), p. 423. George- 
town, Colo. (P. J. Schmitt). 

F. dnerea var. altipetens Wheder, t. c, p. 523. Florissant and Cheyenne Mt. (Wheeler). 

F. emoryi Wheder, t. c, p. 419. Broadmoor, near Colorado Springs (Wheder). 

F. ezsectoides var. hcsperia Wheder, t. c, p. 484. Cheyenne Canyon, near Colorado 
Springs (Wheeler). 

F. fntca var. gdida Wheder, t. c, p. 505. Ward (Codcerell), timberline on Arapahoe 
Peak (W. P. Codcerell), Long's Peak, at about 11,500 ft., given erroneously as 
12,500 ft. (Cod^erell), Cripple Creek (Wheder), Cheyenne Mountain (Wheder). 
Canyon City (Sdmutt). 

F. (Proformica) Umata Wheder, t. c, p. 541. Florissant, Cheyenne Canyon (Wheeler). 

F. microgyna subsp. rasilis var. spicata Wheder, t. c, p. 469. Florissant (Wheder). 

F. microgyna var. recidha Wheder, t. c, p. 467. Florissant (Wheder). 

F. tnmdcola subsp. integroides var. coloradensis Wheeler, t. c, p. 440. Florissant 
(Wheder), ^^d Horse and Woodland Park (Wheder), Ward (CodLerell), Boulder 
and Bredcenridge (Sdmiitt). 

F. tnmdcola subsp. mucescens Wheder, t. c, p. 442. Colorado Springs (Wheder), 
Colorado City, Malvern, l^d Horse, and Manitou (Wheder), West Cliff (Sdmiitt). 

Family MXTTILLIDAS 

Datymotilla blawa Rohwer, Proc. US. Nat. Mus., VoL XLI (1912), p. 457. Type 

from Iowa, but also from Colorado (Baker). 
D. coloradella Rohwer, t. c, p. 458. Boulder and Florissant (Rohwer). 
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Family PHuJlnthiDAS 

Cerceris gnariiu Banks, Bull. Am. Mus. N. Hist., Vol. XXXn (1913), p. 337. T. 1. 
in Oklahoma, but also from Colorado Springs (Wickham) and Chimney Gulch, 
Golden, Colo. (Oslar). 

Family LARRIDAS 

Drjudella miUai Cockerell, ErUom. News, January, 1914, p. 32. Long's Peak Lm, Colo. 
(CockcreU). 

Family PSAMMOCHARIDAS 

Aporinetttis laticepa Banks, Jour. N. F. Eni. Soc., "December, 19 11'' (pub. March, 19x2), 
p. 230. Boulder (Rohwer). Type taken September 8, 1908. 

A. mfiis Banks, L c. Boidder and Florissant (Rohwer). Type from Boidder, August 8, 
1908. 

tCryptocheihis hypogaeut Cockerell, Jour, of Geology, VoL XXII (1914), p 718. Floris- 
sant (Wickham). 
Pompiloides contimilia Banks, Jour. N. Y. ErU. Soc., VoL XIX, p. 228. Florissant 

(Rohwer). Mr. Rohwer ¥mte8 that he also took it at Boulder, June i. 
P. parmliu Banks, t. c, p. 227. Boulder and Florissant (Rohwer). 

Family ANDRBNIDAS 

Andrena agricolamm Viereck and Cockerell, 'Proc. U.S. Nat. Mus., Vol. XLVm 

(1914), p. 29. Fort Collins (Colo. Agric. College). 
A. antonitonis V. and C, t. c, p. 56. Antonito, Colo. (Gillette). 
A. argentiniae trichomelaena Cockerell, Ann. Mag. Nat. Hist. October, 1913, p. 376. 

Fbrissant (S. A. Rohwer.) 

A. aahmeadi V. and C, Proc. U.S. Nat. Mus., Vol. XLVm (1914), p. 45. Colorado 
(Baker). 

A. bebbiana V. and C, t. c, p. 39* Boulder (S. A. Rohwer). 

A. berkeleyi V. and C, t c, p. 19. Berkeley, Colo. (Baker). 

A. brachycarpae V. and C, t. c, p. 55. Florissant (S. A. Rohwer). At flowers of Salix. 

A. campanulae V. and C, t. c, p. 38. Palmer Lake, Colo. 

A. canadensii oslareUa V. and C, t. c, p. 28. Denver (Oslar). 

A. candidlformit V. and C, t. c , p. 33. T. 1., Boulder, Colo., in canyon near town, May 
23, 1896 (C. P. Gillette). This was recorded from "Colorado," but Miss £. Robinson 
has kindly looked up the exact data for this and some other species in the record book 
at the Agricultural College. 

A. coUetoides V. and C, t. c, p. 27. Colorado (Snow). 

A. coloradina V. and C, t. c, p. 53. Colorado (Baker). 

A. coitmenaU V. and C, t. c, p. 50. Eldora, Colo. (T. and W. Cockerell). 

A. crataegiphila V. and C, t. c, p. 7. Boulder (Cockerell and S. A. Rohwer). 

A. daTitiana V. and C, t. c, p. 6. Boulder (J. M. Davis). 

A. durangoenait V. and C, t. c, p. 36. Durango (Oslar). 
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A. oUiiUe Cockerell, Ann. Mag, Nat, Hist,, July, 1914, p. 9. Boulder (Mrs. M. D. 

Ellis). At flowers of Lepidium, 
A. fomaldielU V. and C, Proc. US, Nat, Mus., Vol. XLVm (1914), p. 34. Florissant 

(S. A. Rohwcr). 
A. fuhrihirta V. and C.» t. c, p. 54. T. 1., six miles west of Fort Collins, miscellaneous 

sweeping, May 4, 1896 (C. P. Gillette). 
A. (merriami var.?) futvinigra V. and C, t. c, p. 42. Fort Collins (Gillette). 
A. interrogationis V. and C, t. c, p. 35. Colorado (Baker). 
A. laminibocca V. and C, t. c, p. 37. Topaz Butte, Colo. (S. A. Rohwer). 
A. martialit V. and C, t. c, p. 5. Boulder (G. M. Hite). 
A. moetticolor V. and C, t. c, p. 31. Long's Peak Inn, Colo. (T. and W. Cockerell). 

South Park. 

A. montrofensis V. and C, t. c, p. 48. Montrose (Gillette). 

A. nigritanis V. and C, t. c, p. 53. Boulder, May 37 (S. A. Rohwer). 

A. padooconim V. and C, t. c, p. 38. Evergreen, Colo. (Dunning). 

A. paenefttlra V. and C, t. c, p. 51. Colorado. 

fA. percontusa Cockerell, Proc, Acad, Nat, Set, PkUa, for 19 14, p. 640. Florissant 
(Wickham). 

A. polygon! V. and C, Proc, US, Nat, Mus,, Vol. XLVm (1914), p. 18. Florissant 
(CockereU). 

A. profondlformif V. and C, t. c, p. 8. Fort Collins (Gillette). 

A. porpurina V. and C, t. c, p. 16. Colorado. 

A. pyrrhadta coloradends V. and C, t. c, p. 39. Berkeley, Colo. 

A. ribifloris V. and C, t. c, p. 32. Florissant (S. A. Rohwer). 

A. saUdcoU V. and C, t. c, p. 52. Halfway House, Pike's Peak (Cockerell). At 

flowers of Salix, 
A. salidneUina V. and C, t. c, p. 17. Clear Creek, Colo. 
A. sphecodiniformis V. and C, t. c, p. 6. Platte Cafion (Baker). 
A. subaostraliformit V. and C, t. c, p. 28. T. 1., Boulder, in canyon near town. May 

23, 1896 (C. P. Gillette). 
A. submariae V. and C, t. c, p. 4. T. 1. in Kansas; a doubtful variety (? female of 

martialis) from Clear Creek, Colo. (Baker). 
A. tadtola grossolariae V. and C, t. c, p. 9. Topaz Butte, Colo. (S. A. Rohwer). 
A. titosi V. and C, t. c, p. 12. Fort Collins (Titus). 
A. vestali Cockerell, Ann, Mag, Nat, Hist., January, 1913, p. 64. Five miles east of 

Boulder (A. G. Vestal). At flowers of Vida. 
A. Washington! manitouends V. and C, Proc, US, Nat, Mus,, Vol. XLVm (1914), p. 31. 

Manitou (T. and W. Cockerell). 
Hallctos crasdceps M. D. Ellis, Entom. News, Vol. XXV (1914), p. 103. T. 1. in New 

Mexico, but also (not quite typical) from Colorado Springs and Boulder (W. P. 

Cockerell). 
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H. eoryceps M. D. Ellis, t. c, p. 98. T. L in New Mexico, but also from Green Mountain 

Falls (J. W. Frey) and Copeland Park (S. A. Rohwer). 
H. lazuUs M. D. Ellis, Eniom. News, VoL XXIV (1913), p. 207. Florissant (S. A. 

Rohwer). 
H. paToniniia M. D. Ellis, t. c, p. 206. Tolland. 

H. perpunctatu M. D. Ellis, t. c, p. a 10. Boulder (Cockerell, Hite, Rohwer). 
H. sttcdnipennis M. D. Ellis, t. c, p. 305. Florissant (S. A. Rohwer). 
H. tenuis M. D. Ellis, t. c, p. 20S. Sugar Loaf Mountain, Colo. (S. A. Rohwer). 
H. xophopa M. D. Ellis, Enkm. News, VoL XXV (1914), p. 97. Boulder (M. D. Ellis)- 

Family PANUROIDAS 

fLibelltiUpU wOmattae Cockerell, Proc. US. Nat, Mus., VoL XLIV (1913), p. 344. 
Florissant (W. P. Cockerell). 

Family NOMADIDAS 

Nomada (Micronomada) aureopUosa Swenk, Univ, of Nebraska Studies, VoL XH, 
'January, 191 2" (pub. January, 1913), p. 1 1 1. Ute Creek, Costilla Co., Colo. (R. W. 
Dawson). 

N. (Onathiai ) otenals Swenk, t. c, p. 97. Ute Creek, Colo. (R. W. Dawson). 

Family ANTHOPHORIDAS 

MeUstodes heUanthophUa Cockerell, Ann. Mag, Nat, Hist., November, 19 14, p. 361 • 

Boidder (Cockerell). At flowers of Hdiantkus. 
Tetndonia cordleyi orophila Cockerell, Ann. Mag. Nat, Hist., March, 1914, p. 284. 

Boulder (Cockerell). 

Family MBGACHILIDAS 

Anthidium astragali Swenk, Univ, of Nebraska Studies, Vol. XIV, ''January, 1914" 

(pub. December, 19 13), p. 16. T. 1. in Nebraska, but also from Ute Creek, Colo. 

(L. Bruner). 
A. incurvatiim Swenk, t. c, p. 22. Ute Creek, Colo. (H. S. Smith). 
A. praedentatum triangulifenim Swenk, t. c, p. 18. Fort Garland (L. Bruner). 
Coelioxys erysimi Cockerell, Canad. Entom., June, 191 2, p. 166. Rifle, Colo. (S. A. 

Rohwer). 
C. grindeliae denTerensii Cockerell, 1. c. Denver (Mrs. C. Bennett). 
Dianthidiom perpictam coloradense Swenk, Unit), of Nebraska Studies, VoL XIV, p. 32. 

Colorado Springs. 
tHeriades iaxomiB Cockerell, Canad, Entom., July, 1913, p. 2333. Florissant (W. P. 

CockereU). 

Family BOMBIDAS 

Piithynis consnltiis Franklin, Trans. Amer. Ent. Soc., VoL XXXVm (1913), p. 459- 
Pagosa Peak, Ward, and Manitou Park, Colo. 
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Family VBSPIDAS 

tPalMoretpa wfltoni Cockerdl, Proc, Acad, Nat, Sci, PkQa, for 1914, p. 640. Floriasaiit 
O^ckham). 

Family BUMSHIDAS 

tOdynerns pereontuns Cockerdl, t. c, p. 639. Floriasant (Widdiam). 
to. wilmattae Cockerdl, L c Floriasant (W. P. Ox^erdl). 

Family SIRICIDAS 

Tremez coliimbft race a$irei$s Bradley, Jour, of Entam, and Zodl., VoL V (1913), p. 26, 
Clear Creek, Berkeley, Denver, and Ft. Collins. 

Family ORTSSIDAS 

Oryttna relatlms Rohwer, Proc. US. Nat, Mus., Vd. XLm (1912), p. 155. Cdorado 
(Baker). 

Family ZTSUDAS 

Zyeia bnumeicepa Rohwer, Proc, US, Nat. Mus., VoL XLV (1913), p. 269. Sugar 

Loaf Mt, Boulder Co. (Rohwer). 
X. coloradensia Rohwer, t. c, p. 272. Colorado (Baker). 
X. iaUda Rc^wer, t. c, p. 266. Graham's Peak, Rio de los Pinos, Colo. (Baker). 

Family CBPHIDAS 

t Janus dUperditut Cockerdl, Proc, US. Nat. Mus., VoL XLIV (1913), p. 346. Florissant 
(W. P. CockereU). 

Family TBNTHRBDIHIDAS 

fCladiua petrinus Cockerdl, Proc. Acad, Nat, Sci, Phila, for 19x4, p. 641. Florissant 
(Wickham). 

tSriocampa celata CockereU, t. c, p. 642. Florissant (^^ckham). 

Macrophya zanthonota Rohwer, Proc. US. Nat. Mus., VoL XLHI (1912), p. 218. Ft. 

Collins. 
fTenthredeUa toddl CockereU, Canad. EnUm., January, 1914, p. 32. Florissant (J. EL 

and J. C. Todd). 
Tenthredo (Labidia) alienatus Rohwer, Proc. US. Nat. Mus., VoL XLm (1912), p. 224. 

Silverton, Colo., 12,000 ft; also "Russell County, Colo." (H. S. Smith). 
T. anomua Rohwer, t. c, p. 225. Colorado (Baker). 
T. opimos coloradenais Rohwer, t. c, p. 224. Short Creek, Colorado. No collector 

is dtedj but it was collected by CockereU, and recorded by him as Labidia opimus 

in Trans. Amer. E$U. Soc,, VoL XX (1893), p. 345. 

Order LEPIDOPTERA 
Family IfTMPHALIDAS 

Brenthis aphirape alticola Barnes and McDunnough, Contr. NaL Hist. Lep. N. A.^ 
VoL n. No. 3, p. 98. April, 1913, T. L, HaU VaUey, Colo. (Barnes). This is the 
Colorado so-caUed triclaris. 
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PbydodM camiUiit ab. kisUs CockereU, EtUomolcgist, 1913, p. 308. T. L, Jim Creek, 

Boulder Co., Colo. (S. A. Rohwer). 
P. camiUiit ab. rokweri CockereU, L c T. L, North Boulder Creek, Colo. (S. A. Rohwer). 

Family HBSPSRIIDAS 

ThaiuuM burgeMi Skinner, Trans, Amer, ErU, Soc,, VoL XL (1914), p. 203. T. 1. in 
Arizona, but also Durango, Colo. (Oslar), and Platte Canyon, Colo. (Oslar). The 
Colorado q>ecimens are only ''tentatively associated "with the Arizona form. Allied 
to N. briMO, but genitalia quite dbtinct. 

Family HBldLBUCIDAS 

Aotomaiit io coloradensit CockereU; Packasd, Mem. Nat, Acad, 5a., VoL XII, p. 99, 

1914. T. L, Boulder. 
Coloradia pandora loiperda Dyar, Proc, Entom, Soc, Wash,, Vol. XIV (19x2), p. 105. 

T. L, Glenwood Springs, Colo. (Barnes). 
Paeuzohaiis ei^terina nniformis CockereU; Packasd, t. c, pp. 133, 134. T. L, 

Island Lake, Boidder Co., Colo., 11,000 ft. (S. A. Rohwer). 

Family SATURHIIDAS 

Tttlea pdyphMnui ab. olhacea CockereU; Packasd, t. c, p. 206. T. 1., Boulder (O. 

Wangelin). 
tAttacus (?) fottUU CockereU; Packasd, t. c, p. 271. T. L, Miocene, Florissant (U. of 
^ Cob. Exped.). 

Family NOCTUIDAS 

FttltU Tenerabllis arida CockereU, EfOom. News, VoL XXIV (1913)1 p. 30. T. L, 

Boulder (CockereU). 
Parastichtifl atrotuffnaa Barnes and McDunnough, t. c, p. 1x3. T. L in Arizona, but 

also from Poncha Springs and Durango, Colo. 
P. grotei Barnes and McDunnough, Cantr, Nat. Hist, Lep, N, A., VoL H, No. 5 (19x4), 

p. 199. T. L in Arizona, but also foimd in Colorado. 
Anomis serrata Barnes and McDunnough, Conir, Nat, Hist, Lep, NA,, Vol. 11, No. 4 

(1913) > P* i<^* T. L in Florida, but a worn male is labeled (possibly in error?) 

Glenwood Springs, Colo. 

Family LIPARIDAS 

Olene Tagana grisea Barnes and McDuimough, Contr, Nat. Hist, Lep, N. A., H, No. 2 

(1913), p. 63. T. L in Utah, but also (not typical) from Glenwood Springs and Oak 

Creek Canyon, Colo. 

Family GBOMETRIDAS 
Petrophora tahrata PearsaU, BvU. Brooklyn Ent. Soc,, VoL Vm (1913), p. 58. T. L, 

Chimney Gulch, Colo. (Oslar); also southwestern Colo. (Oslar). This has passed 

as the European P. incursata, 
PhllobU Terdtoto PearsaU, Jour. N. Y. Ent, Soc., VoL XXI (1913), p. 191. T. L, Clear 

Creek, Colo. (Oslar); also Rico and Chimney Gulch, Colo. 
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Family PTRAUSTIDAS 

Tittnio alticolalit Barnes and McDunnough, Cwtr. Nat. Hist. Ltp. N.A., Vol n, 

No. 6 (1914), p. 238. T. L, Silverton, Colo., 10,000 ft. Allied to T. epHppialis 

from Norway. 
T. Uetalit Barnes and McDunnough, L c Arizona, Cal., and also Denver, Colo. (Oslar). 
T. lotoaaUs Barnes and McDunnough, 1. c. T. L in New Mexico, but also Boulder, 

Colo. (Osier). 
Orenaia cdoradalit Barnes and McDunnough, t. c, p. 236. T. L, Silverton, Colo. 

(McDunnou^). 
0« tririalis Barnes and McDunnough, L c T. 1., Silverton, Colo. (McDunnough). 
BvergtstU subttrminalis Barnes and McDunnough, t. c, p. 230. T. L in California, 

but worn q>ecimens from Glenwood Springs may be thb spedes. 
B. Tinctalit Barnes and McDunnough, t. c, p. 231. T. L in New Mexico, but also at 

Glenwood Springs, Colo. 
B. obtctmlis Barnes and McDunnough, t. c, p. 232. T. 1., Silverton, Colo., xo,ooo ft. 

Family PTRAUDAS 

Diathrauata neiinalis ab. karlequinalis Dyar, Ins. Ins. Menst., August, 1913, p. 100. 
T. L in Mexico, but also bom Chimney Gulch (Oslar), Fort Collins (Gillette), and 
Boulder (Cockerell), Colo. 

Family TPONOMBUTIDAS 

PttttolU armoracUe Busck, Proc. Ent. Soc. Wash., Vol. XIV, p. 219. T. L, Rocky Ford, 
Colo. (H. O. March). Bred from horse-radish. 



Order TRICHOPTERA 

fPhryganea miocenica Cockerell, Psyche, 1913, p. 96. Florissant. 
tP. wickhami Cockerell, Jour, of Geology, VoL XXII (1914), p. 714. Florissant (Wick- 
ham). 
Holocentropiis orotua Banks, Canad. Entom. (1914), p. 257. Qear Creek and Chimney 
Gulch, Golden, Colo. (Oslar). 

Order DIPTERA 
Family TIPULIDAS 

Tipola nigrocorporlt Doane, Ann. Ent. Soc. Amer., Vol. V (191 2), p. 45. T. 1., Estes 
Park, Colo. 

Tipola ingrata Dietz, Trans. Amer. Ent. Soc., Vol. XL (1914), p. 355. (Actually pub- 
lished January, 19 15.) T. L, Denver (Oslar); also from Bear Creek and Chimney 
Gulch, Colo. 

Dicranomyia neUiana Alexander, Proc. Acad, Nai. Set. Pkila. for 1914 (1915), p. 579. 
Colorado. 
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Biioptera lacU Alexander, t. c, p. 584. Colorado and New Mexico. 

B. mlcrocaUnla Alexander, t. c, p. 585. Colorado. 

Family CBCIDOMTHDAS 

Aplonyx Mrcobati Felt, Jowr. EtUom, and Zodl,, June, 19 14, p. 93. T. L, Canyon City, 

Colo. (Bethel). Reared from oval swellings on leaves of Sarcobaius, 
Contarinia coloradenait Felt, Jour. N. F. Ent. Soc., December, 191 2, p. 340. 'Trom 

Professor E. Bethel, Denver, Colo., .... and the same gall from Professor C. P. 

Gillette, of Fort Collins, Colo." Reared from a large, bud-like deformity on Pinus 

scopulorum, 
CordylomyU Americana Felt, 28tk Kept. N. Y. State EtUomolcgist (1913), p. 199. T. L, 

Boulder, Colo. (Cockerell). 

C. coloradenais Felt, L c. T. L, Boulder, Colo. (Cockerell). 

Dannetini eercocazpi Felt, Jour. N. F. Ent. Soc,, Vol. XXI (1913), p. 215. T. L, 

Golden, Colo., from imbricated bud gall on X^ercocarpus parnfolius. 
Janetiella coloradentit Felt. Jour. N. Y. Ent. Soc., VoL XX (1912), p. 148. T. L, 

Denver, Colo. (Bethel). Reared from oval swellings at bases of pine needles. 
Mierocerata iridis Coc^erdl, Jour. Economic Entomology, December, 1914, p. 460. T. 1. , 

D. M. Andrews nursery, near Boidder (Cockerell). 
OUgotrophui betheU Felt, Jour. N. Y. Ent. Soc., Vol. XX (191 3), p. 148. T. 1., McCoy, 

Colo. (Bethel). Reared from a fleshy, conical gall on Juniperus uiakensis. 
Pwrisia itanl^yao Cockerell, Jour. Entom. and Zodl., VoL VI (December, 1914; pub. 

January, 191 5), p. 241* T. L, four miles north of Boulder (T. and W. Cockerell). 

Bred from flower-gall on StanUya. 
Prionelliia montanui Felt, 28tk Kept. N. Y. State Entomologist (1913), p. 182. T. L, 

Boulder, Cok>. (Cockerell). 

Family MTCBTOPHILIDAB 

Cottloiia gracilis Johannsen, Bull. ig6, Maine Agric. Exp. Sta. (dated 19x1; issued 

March, 1912). "Cal. (Bradley); CoL (W. M. Wheeler)." 
tMycomya cockerelli Johannsen, Am. Jour. Sci. (August, 191 2), p. 140. Florissant (U. of 
Colo. Exped.). 

tM. lithomendax Cockerell, Proc. Acad. Nat. Sci. Pkila. for 19x4, p. 647. Florissant 
(Wickham). 

Family SIMUUIDAB 

StmuUum huntari Malloch, Tech. Bull. a6, Bur. Ent., Dep. Agric. (X9X4), p. 59. T. L, 

Virginia Dale, Colo. (Bishopp). 
8. Ufitattam Malloch, t. c, p. 3X. T. L, in New Mexico; but also from Virginia Dale, 

Colo., on a cow (Bishopp). 

Family BIBIOHIDAB 

tBibio wiekhami Cockerell, Proc. Acad. Nat. Sci. Pkila. for X914, p. 647. Florissant 
(^^ckham). 

tPleda axeliana Cockerell, t. c, p. 646. Florissant (Wckham). 
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Family PHORIDAS 

Platyphora colondenaU Brues, Psyche, April, 1914, p. 79. T. L, Boulder (W. P. Cock- 
ereU). 

Family LBPTIDAS 

fAtrichops hotperiua Cockerell, Canad, Entom,, March, 1914, p. loi. Florissant (S. A. 

Rohwer). 
tXylomyia moratala CockereU, L c Florissant (S. A. Rohwer). 

Family MTDAIDAS 

fMydai mioeenicisf CockereU, Eniomohgist, July, 19 13, p. 20S. Florissant (George N. 
Rohwer). 

Family ASILIDAS 

fAtUiia wickhami CockereU, Proc. Acad. Nat. Sci. PkUa. for 1914, p. 648. Fbrissant 

(Wickham). 
tCophnra antiquella Cockerell, Entomolopst, July, 19x3, p. 2x3. Florissant (George N. 

Rohwer). 
tSaropogon oblitesceni Cockerell, Canad. Eniom., March, 19x4, p. X02. Fbrissant (U. of 

Colo. Ezped.). 

Family SMPIDIDAS 

fBmpia floiissantana CockereU, Proc. Acad. Nat. Sci. PhUa. for 19x4, p. 645. Florissant 

(Wickham). 
fB. miocenica Cockerell, 1. c. Florissant (Wickham). 

Family THBRBVIDAS 
PaUocephala nigrimana Krdber, SteU. EtU. Zeit., VoL LXXm (19x3), p. 238. Colorado. 
ThereTa albopilosa Kr5ber, t. c, p. 256. Colorado. 
T. aurofasdata Krdber, t. c, p. 263. Colorado. 
T. ctngulata Krdber, t. c, p. 267. Colorado. 
T. ustttlata Krdber, t. c, p. 265. Colorado. 

Family BOMBTLnDAS 

fAlomatia (new genus) foaca Cockerell, Jour, of Geology, VoL XXn (19x4), p. 721. 
Florissant (Wickham). 

tGeronites (new genus) stigmalis Cockerell, BuU. Amer. Mus. N. Hist., VoL XXXIU, 
p. 230. Florissant (U. of Colo. Exped.). 

fOeron (?) platyioma Cockerell, Proc. Acad. Nat. Sci. PhUa. for 19x4, p. 643. Florissant 
(Wickham). 

fProtolomatia (new genus) antiqua Cockerell, Jour, of Geology, VoL XXn, p. 723. Floris- 
sant (Wickham). See also Proc. Acad. Nat. Sci. PhUa. for 19x4, p. 643. 

tProtophthiria (new genus) palpalit Cockerell, t. c, p. 720. Florissant (Wickham). 
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Spoffottylam ocddanttle C. W. Johnson, BuU. Amer, lius. N. Hist., Vol XXXII (1913), 
p. 56. "Colorado, Washington." The Colorado specimen was taken by Oslar at 
Denver, May 8, 1897 (Johnson, litt.). 
tVerraUitet (new genus) dadumt Cockerell, Canad, Enlom., July, 1913, p. 330. Florissant 
(U. of Colo. Ezped.). 

Family TRTPBTIDAB 

Addia Johnson! Thomas, Canad. EiUom., December, 1914, p. 436. Colorado. 
Eutreta simplex Thomas, t. c, p. 435. Sunset, Colo., 8,000 ft. (VanDuzee). 
Urellia apicata Thomas, t. c, p. 438. Colorado. 

Family OSCINIDAB 
Chlorops iordidelU Becker, Ann. lius. Hung., VoL X (191 3). Colorado. 
Family AGROMTZIDAB 

Agromyza anriceps Mdander, Jour. N. Y. Ent. Soc., VoL XXI (1913), p. 363. Moscow, 

Idaho; but also Cokmtdo (C. F. Baker). 
A. bvrgessi Malloch, Ann. Bni. Soc. Amer., VoL VI (1913), p. 333. T. L in Mass., but 

also in Colorado. 
A. coloradenais Malloch, t. c, p. 397. T. L, Florissant (S. A. Rohwer). 
A. coqnffleti Malloch, t c, p. 395. T. L, Fort Collins, Colo. (C. N. Ainslie). Bred from 

oats and Hordeumjubakim. 
A. inconspiciia Malloch, t a, p. 310. T. 1., Fort Collins, Colo. (C. N. Ainslie). Bred 

from Agropyron. 
Hemeromjia nitida Malloch, Proc. U.S. Nat. Mus., VoL XLVI (1913), p. 146. T. L, 

Florissant, Colo. (Cockerell). 

Family HBLOMTZIDAB 

tHeteromjiella miocenica Cockerell, Proc. Acad. Nat. Sci. PkUa. for 19x4, p. 644. 
Florissant (Wickham). 

Family ANTHOMTODAB 

tAnfhomyia atarella Cockerell, Euiom. News, VoL XXIV (1913), p. 395. Florissant 

(W. P. CockereU). 
Lispa patellaU Aldiich, Jour. N. 7. Ent. Soc. (19x3), p. X41. T. L, Moscow, Idaho; but 
also from Boulder, Colo. (Aldiich). 

Family TACHINIDAB 

Phasiopterjx montana Townsend, Jour. N. F. Ent. Soc., VoL XX (19x3), p. X14. The 
adult i^>pears not to di£fer externally from the Mexican P. bUimcki, but the larva 
differs. Colorado. 

Family SARCOPHAGIDAB 

Sarcophaga kellyi Aldrich, Jour. Agric. Research, VoL 11 (19x4), p. 443. T. L in Kansas^ 
but also from Colorado. 
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Order HEMIPTERA 
Suborder HETEROPTERA 

Family CAPSIDAB 

CalocorU uhlori VanDuzee {tinaus Uhler, preocc.)i BvU. Buffalo Soc. Nat, Sci. Vol X 

(191 2), p. 490. T. L, Estes Park, Colo., on Pinus (Gillette). 
Dichrootcytnt irrontitt VanDuzee, t. c, p. 482. T. L, Rifle, Colo. (VanDuzee); abo 

a variety near Manitou, on Sabina (VanDuzee). 
Largidea (new genus) marginata VanDuzee, t c, p. 480. Salida, Colo., on Quercus 

(VanDuzee). 
Poedlotcytoa roaaceui VanDuzee, t. c, p. 488. Manitou and Ft. Collins (VanDuzee). 

Family ARADIDAB 

Aradot ftineattia Bergioth, Canad, EtUom., 1913, p. 4. "Common in Canada, as well as 
in the Northern U.S. from the Atlantic to the Pacific Ocean, and I have also seen 
a specimen from Colorado." 

A. montanus Bergroth, t. c, p. i. LeadviUe, Colo. (Wickham). 

Family TINGIDIDAS 

tXIngis florisaantansU Cockerell, Jour, of Geology, VoL XXII (i9i4)» P- 7i9* Florissant 
(U. of Cob. Exped.). 

Family CORIXIDAB 

Palmacorixa (new genus) giUettii J. F. Abbott, EtUom, News (191 2), p. 337. Ft. Collins 
(Gillette). 

Suborder HOMOPTERA 

Family PULGORIDAS 

tPetropteron (new genus) mlrandum Cockerell, Canad, Entom, (191 2), p. 94. Pierre 
Cretaceous, Boulder (Terry Duce). 

Family DELPHACIDAB 

Laceocera bicomata D. L. Crawford, Proc. US, Nat, Mus,, VoL XLVI (i9i4)» P- 582. 

Colorado (Baker). 
Megamelanos frontalis Crawford, t. c, p. 593. Colorado (Baker). 
Megamelut constrictns Crawford, t. c, p. 610. Colorado (Baker). 
M. indistinctiia Crawford, t c, p. 619. Pagosa Springs, Colo. (Baker). 
M. magnlfrons Crawford, t. c, p. 614. Colorado (Baker). 
M. magnut Crawford, t. c, p. 627. Colorado (Baker). 
M. nigridorsmn Crawford, t. c, p. 620. Colorado (Baker). 
M. nigrigatter Crawford, t. c, p. 621. Colorado (Baker). 
M. notnlus flavus Crawford, t. c, p. 609. Colorado (Baker). 
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Family PSTLUDAB 

ApluUani nubifen Patch, BuU. 202, Maine Agric, Exper, Sta. (191 2), p. 216. Foothills 
near Ft. Collins (Gillette). On Sophia, causing abnonnal devdc^ment of foliage in 
dense mass. 

Axytaina fuscipennii D. L. Crawford, BuU. 8$^ US. Nat. Mus. (19x4), p. 125. Colorado 
(Baker). On Ceanothus. 

A. pubeicens Crawford, t. c, p. 131. Colorado (Baker). On Purskia tridentata. 

A. robnsta Crawford, t c, p. 124. Colorado (Baker). On Ceanotkus. 

Calopliya dobia Crawford, t. c, p. 51. Colorado. Other members of the genus occur 
on Kkus. 

Lhria carids Crawford, t. c, p. 23. Boulder, on Carex (E. Bethel). 
L. coloradentia Crawford, t. c, p. 20. Colorado (Baker). 

Padiyptylla tridentata Patch, BuU. 202, Maine Agric. Exper. Sta. (191 2), p. 224. Canyon 
City, in galls on Cdtis. 

PayUa amtricana flara Crawford, BuU. 8s, US. Nat. Mus., p. 148. Pagosa Springs 
(Baker). 

P. americana minor Crawford, t c, p. 147. Boulder (Rohwer); Colorado, on Salix 
(Gillette). 

P. astigmata Crawford, t. c, p. 155. Manitou (Gillette). Occurs on Prunus demissa 
in Calif omia. 

P. caudata Crawford, t c, p. 157. Tolland, Colo., on Alnus (Cockerell); Pagosa 
Springs (Baker). 

P. ilbiilata Crawford, t. c, p. 140. Colorado (Baker). 

P. gfflettl Patch, BuU. 202, Maine Agric. Exp. Sta., p. 221. Occurs on Salix. Fort 
Collins (Gillette), Soldier Canyon (Gillette), Dixon Canyon (Gillette), Camp Carter 
(Gillette), Howes Gulch (Gillette), Bellvue (Emma Gillette), Horsetooth Gulch, and 
Trinidad. 

P. coryU Patch, t c, p. 223. Steamboat Springs and Manitou (d. Gillette and Baker, 

Hemip. Colo., p. 113). 
P. ribia Patch, t. c, p. 222 on Ribes. Marshall Pass and Fort Collins. 
P. macislaU Crawford, BuU. 8$, US. Nat. Mus., p. 141. Colorado (Baker). 
P. magnicaoda Crawford, t. c, p. 149. Arboles, Colo. (Baker); also Wyoming. 
P. minuta Crawford, t. c, p. 142. On Purskia. Colorado. 
P. dnoata Crawford, t. c, p. 140. Pagosa Springs (Baker); also in Labrador. 
tPsjlUtes (new genus) crawfordi Cockerell, Proc. Acad. Nat. Sci. PkUa. for 1914, p. 637. 

Florissant (Wickham). 
Trioza fordpola Patch, BuU. 202, Maine Agric. Exp. Sta., p. 227. Fort Collins (£. D. 

Ball). At Ottawa, Canada, it occurs on Ulmus. 

Family APHIDIDAB 
Adphuffl aaccttli Gillette, Ann. Ent. Soc. Amer., Vol VII (1914), p. 65. T. 1., near 
Halfway House, Pike's Peak (Gillette). Also Estes Park, on Populus tremuloides 
(Gillette), and about 20 miles west of Fort Collins (Gillette). 



Digitized by 



Google 



250 UNIVERSITY OF COLORADO STUDIES 

tEchimplrii (new genus) rohwori Cockerdl, Canad. EmUm, (19x3), p. 229. Florissant 
(S. A. Rohwer). 

Family COCaDAS 

Trionjmus Tiolascens Cockerell, Jour. Earn, ErU,, Vol. VI (1913)9 p. 143. On Agr op yron, 
Glenwood Springs, Colo. (Bethel and Cockerell). 

Phylum MOLLUSCA 
Class PBLBCTPODA 

fAlnla (new genus) flooamnlifera Girty, Ann. N. Y. Acad. Sci., VoL XXII (1912), p. 3. 
Lykins Formation, Heygood Canyon, and Perry Park, Colo. (R. M. Butters). 

Class GASTROPODA 

Family PLBUROTOMARnDAB 

tMorchisonia bottersi Girty, t c, p. 6. Lykins Formation, Heygood Canyon, Cob. 
(R. M. Butters). 

Family ZONITIDAB 

fOmphalina oreodontifl Cockerell and Henderson, Bull. Amer. Mus. N. Hist., VoL XXXI 
(191 3), p. 33a. Oreodon Beds (Oligocene), Pawnee Buttes, Colo. (Am. Mus. N.H. 
Exped.). 

Family HBUCIDAB 

OreoheUz haydeni betheli Pilsbiy and Cockerell, Nautilus^ April, 1913, p. 144. North 

side of Grand R., Glenwood Springs (Bethel, Henderson, and Cockerell). 
O. haydeni betheli var. aUa Pilsbry, 1. c. South side of Grand R., Glenwood Springs 

(Bethel, Henderson, and Cockerell). 
O. hendersoni Pilsbry, Nautilus, July, 1913, p. 39. North bank of Little Thompson 

Creek, Colo. (A. Dakan). 
O. hendersoni dakani Henderson, Nautilus, June, 1913, p. 38. Northwest comer of 

Peeble's Ranch, near Newcastle, Colo. (A. Dakan); also nine miles east of Meeker 

and at Glenwood Springs (Henderson). 

Family PUPILLIDAB 

Popffla mnscomm xerobia Pilsbry, Nautilus, VoL XXVm (19x4)1 p. 38. T. L in New 
Mexico, but also from Trinidad (Pilsbry and Ferris), Magnolia (D. M. Andrews), 
Estes Park (Ashmun), Black Lake Creek (Cockerell), and near Golden (£. £. Hand). 

Phylxtm VERTBBRATA 
Class REPTILIA 

tAnimasanms (new genus) carinatos Case and Williston, Amer. Jour. Sd., April, 19x39 
p. 345. Near Animas, Colorado (Baldwin). 
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Class AVBS 

Family TBTRAONIDAB 

Lophortjz gunbeUi Mimt Meams, Proc, Biol, Soc, Wash,, July 10, 1914. Olathe, 
Montrose Co., Colo. (C. S. Sk>cum). 

Family CHORDBIUDAB 
Cliordeilet virgiiiiAnot ItowetU Oberholser, Bull, 86, US, Not, Mus, (1914)1 p. 57* T. L 
in Texas, but also from the following Colorado localities: Lovdand (E. A. Preble), 
Wray (M. Caiy), San Luis Valley (Kreuzfddt), Colorado Springs, Barr, Rio Grande, 
Denver, and mountains west of Denver. 

Class MAMMALIA 

Family OCHOTOHIDAB 

Ochotona ilggind J. A. Allen, Bull. Amer. Mus, N. Hist., Vol XXXI (1912), p. 103. 
Pagoda Peak, Rio Blanco Co., Colo. (J. D. Figgins). 

Family SCIURIDAB 

MarmoU flavhranter hiteola Howell, Proc, Bid. Soc, Wash., Vol XXVn (1914), p. 15. 

T. L in W3roming, but occurs in northern Cobrado, south to Park Co. 
M. f. obacvra Howell, t, c, p. z6. T. L in New Mexico, but also in southern Colorado, 

Sangre de Cristo and San Juan Ranges. 
M. f. warreni Howell, 1. c. T. L, Crested Butte, Colo. (E. R. Warren); also found at 

Mud Springs (Gazfidd Co.), Sapinero, and Cochetopa Pass. 

Family URSIDAB 

Urfiit bairdi Merriam, Proc. Biol, Soc. Wash., Vol. XXVn (19x4)1 p. 192. Blue River, 

Summit Co., Colo. (Warren collection); also in Wyoming. 
U. navaho Merriam, t. c, p. 191. T. 1. in Arizona; but also found in Navaho Range, 

near Cromo, Colo. 
U. ihoahone Merrian, t c, p. 184. T. L, Estes Park, Colo.; also in Wyoming. 

Family CHALICOTHBRHDAB 

tMoropua matthewi Holland and Peterson, Mem. Carnegie Museum, Vol. HI, p. 230. 
Near Pawnee Buttes (Middle Miocene). 

Family TALPIDAB 

Scalopua aquaticus caryi Jackson, Proc. Biol, Soc, Wash,, VoL XXVII (i9i4)> P* 3o* 
T. L in Nebraska, but "appears to be the mole from Central Nebraska west to Eastern 
Colorado." 

Family VBSPBRTILIOinDAB 

Myotifl longicns interior Miller, Proc. Biol. Soc. Wash., Vol. XXVII (1914)) P- 3ix* 
T. 1. in New Mexico, but also found at Grand Junction and Coventry, Colo. 
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AMPHIBIA AND REPTILIA OF COLORADO 

PART IP 

By Max M. Ellis and Junius Hendesson 

During the past two years many Colorado amphibians and reptiles 
(including q>ecimens of the Red-spotted Toad, Bufo puncUUus Baird 
and Girard, a species not previously recorded from this state) have 
been added to the University Museimi collections. The data from 
these collections, together with the data concerning specimens in the 
museum of Colorado College kindly sent us by Mr. E. R. Warren, form 
the basis of this report. 

The numbers in parenthesis after certain records are the University 
of Colorado Museum nimibers of the specimens so listed. Specimens 
in the Colorado College Museum are marked (C.C.). 

Class AMPHIBIA 

Family Ambystomidae 

Ambystoma tigrinum (Green) 

Tiger Salaicakder 

Boulder, October 8, 19x3 (290); Can3ron City, November, 1913; larvae, University 
Lake, Boolder, November, 1913, and March, 1914; larvae and adults, near Alma, Park 
County, above 10,000 ft., August, 1914; Nederland, Boulder County, above 9,000 ft., 
1914; larvae. Lake Moraine, El Paso County (C.C.); reported by Warren from Crested 
Butte, Gunnis(m County, above 7,000 ft., and from Colorado Springs. 

Reports from all parts of the state show this species to be very 
abmidant in ponds, lakes, and reservoirs. Mr. Sam Bloomfield, of 
Denver, informs us that he has found '^waterdogs/' as the yoimg of 
this salamander are locally known, in most of the lakes and ponds in 
eastern Colorado in which he has seined for fish. That the tiger 
salamander winters in Colorado in both the larval and adult stages 
is shown by the capture of several large specimens of the larvae of this 

> Publication of the Colondo Biological Survey Number 17. Part I appeared in the UnittrsUy cf 
Cchrado Studies, VoL X, pp. 59-129, 10x5. 
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species, 300 to 400 mm. in length, in the University Lake at Boulder 
both in November and the following March. Hibernating adults of 
this species are often found in midwinter. One of the enemies of the 
tiger salamander was found to be the snapping turtle, Chelydra 
serpentina (Linnaeus), which promptly seized and devoured large 
larvae of Ambysloma tigrinum when placed in the same tank. The 
behavior of this turtle suggests a possible method of removal of the 
young tiger salamanders from reservoirs in which that species has 
become too abundant. 

Family Bufonidae 

Bufo boreas Baird and Girard 

Columbian Toad 

Tolland, 9,000 ft, May, 1913 (429); Buena Visti, 8,500 ft., June 5-^, 19x4 (459 and 
460); Cottonwood Springs near Buena Vista, 9,000 ft, June 6, 1914 (489); Hortenae 
Hot Springs near Buena Vbta, 8,500 ft, Jime 10, 1914 (490); near Alma, above 10,000 ft, 
August, 19 14 (491); Estes Park, July 31, 1904 (C.C); near Twin Lakes, June 7, 1914 
(492). 

This species was very abundant at Buena Vista in June, 1914. 
At night the adults were found in numbers under the street lights 
and in the grass near irrigation ditches. During the day few adults 
were seen, but many juvenile specimens were collected about roadside 
pools and in the short grass in the overflowed areas along Cottonwood 
Creek and its tributaries. These juvenile specimens were feediag 
actively during the middle of the day, although exposed to direct 
sunlight, and individuals were observed frequently capturing spiders 
and small Diptera among the grass stems. At Hortense Hot Springs 
large nimibers of juvenile individuals less than 30 mm. in length 
were found about the overflow pool in water at 23*^ C. Following the 
stream back from the overflow pool toward the springs the water 
increased in temperature rapidly, the young toads continuing abun- 
dant until the water was at 34° C. Above this point few toads were 
seen, although one small individual was taken from water at 45^ C. 
quite near one of the springs. This toad was swimming very rapidly 
at the time and may have been endeavoring to reach cooler water. 
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In this connection it may be noted that the pools of very hot water 
near several of the hot springs were death-traps for Bufo boreas and 
several other animals. From one such pool, the water of which was 
at 54^ C, three large specimens of this toad and several insects were 
taken, the flesh of all being thoroughly cooked. 

Bufo punctatus Baird and Girard 
Red-spotted Toad (Figs. 8 and 9) 

Bufo punctatus Baird and Girard, Proc, Adac, Nat. Sci. PkUa., VoL VI, p. 173, 1852 
(Rio San Pedro of the Rio Grande dd Norte). 

Head moderatdy broad, its width equaling or slightly exceeding its length; length 
of the head about 3.5 in the total length; bony crests wanting on the top of the head, 
or sometimes feebly developed (in alcohdic material the skin of the h^ may be so 
shriveled as to render the crests of the head quite apparent); parotoid glands somewhat 
elevated, subtriangular and small, not much larger than the eyes and not equal to the 
width of the head; a small bony ridge between the ear and the eye on each side of the 
head; general outline when seen from above ovoid, the entire animal being rather more 
elongate and less globose than the heavier spedes of toads (as Bufo cognatus Say); neck 
region rather weU defined; body not much wider than the head and somewhat depressed. 

Ground color grayish or reddish brown, varying to greenish; dorsal surface of the 
body rather uniformly covered with small warts which are tipped with bright red or 
orange; bases of the warts more or less dusky; ventral surface of the body yellowish 
to orange; throat of the male dusky. 

Size rather snudl, length 2 to 3 inches. 

This toad is included here in the herpetological fauna of Colorado 
for the first time, specimens having been taken on Basin Creek near 
the northern line of San Miguel County, about six or eight miles 
from Naturita, Colorado, at an elevation of about 6,500 feet. These 
specimens were captured by Mr. Henderson and Roy Coffin on June 
19, 1914. This record of the red-spotted toad extends its range about 
150 miles north and about 350 miles north and northeast up the 
Colorado River drainage, as the most northern locality from which this 
species has been recorded previously is the floor of the Grand Canyon 
of the Colorado between Kaibab and Cocanini Plateaus.' 

Bufo punckUus ranges across southwestern United States and 
northern Mexico from central Texas through southern New Mexico 
and Arizona into Lower California. Stejneger, I.e., states that 

> Srjnioii, N. Awm, Fmma, No. 3, p. xx7» i8qo. 
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''this is a southern species which extends northward along the Colo- 
rado River." Little is known concerning the habits and habitat 
relations of this species. Ruthven,' who records Bufo punckUus 
from Alamogordo, New Mexico, suggests that ''it is possibly a canyon 
form which has extended its range on to the desert floor by way of 
irrigating ditches." The Colorado specimens were captured in Basin 
or Dry Creek, a small, alkaline stream, where it cuts through a low 
mountain range. This stream is probably entirely without water in 
dry seasons except for a few very small pools. Basin Creek drains 
into the San Miguel, which in turn, by way of the Dolores River, 
finally drains into the Colorado River, the water ultimately passing 
through the Grand Canyon locality mentioned by Stejneger, l.c. 
Hence the toad may be expected along other western Colorado 
streams. On Basin Creek Bufo punckUus was associated with Bufo 
woodhousei Girard. 

In the key to the Bufonidae of Colorado' Bufo punckUus would 
run to Bufo debilis Girard, to which it is very closely related. These 
two species may be separated as follows: 

a. Warts tipped with red or orange; length of the hind leg from the base to the heel 
reaching forward to the front of the e3re or beyond; parotoid rather smalL 

Bufo punckUus Baird and Girard 

aa. Warts not tipped with red or orange, or at least very slightly so; length of the 

hind leg from the base to the heel reaching forward to the ear; parotoid glands 

large. Bufo debilis Girard 

Bufo woodhousei Girard 
Woodhouse's Toad 

Greeley, August 13, 1903 (C.C); Naturita, June 15, 1914 (453); Basin Creek, 
six miles west of Naturita, June 19, 19x4 (454); reported common from Naturita to 
Gypsum Creek in 19x4 by Henderson. 

Bufo cognatus Say 
Western Toad 

Medano Ranch, Costilla County, July, X909 (C.C). 

> BuU. Amtr, Mus. Nat. Hist., Vol XXm, p. 507. 1907. 
• Unh. Colo, Studies, Vol X, p. 5a, 19x3. 
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PLATE I 



Fig. 1 Fir.. 2 



Fig. 3 Fig. 4 

Chorophilus tristriatus. Three-lined Tree Froj?. Variation in color pattern of si>ccimens from a sinpic 
pool (pa(?c 257). 
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PLATE II 



Fro. 5. — Crotaphytus collaris bailfyi. Bailey's Collared 
Lizard (page 259) 



Fig. 6. — Acris ^ryllus. Cricket Frog, 
dorsal view (page 258) 




Fio. 7. — Acris gryllus. Cricket Frog, side view (page 258) 



Fic. S. — Bufn fntnctatus. Red-spotte<l 
Tourl. Head; dorsal view 



Fig. 9. Bu/o punctatus. Red- 
spotted Toad. Head; side 
view (p:ige 255) 
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Family Hylidae 

Chorophiius triseriatus Wied 

Three-lined Tree Frog (Figs. 1-4) 

Boulder, May z-io, 1914; near Alma, PariL County, above 10,000 ft, August, 1914 
(493). 

Eggs and adults of this little frog were taken in temporary pools 
formed by the melting snow along a railroad right-of-way near 
Boulder, during the first ten days of May, 1914. On May 9 eggs 
were collected in the four-celled stage and kept out of doors in water 
from the pool in which they were found. The development of these 
eggs was very rapid, a fact which may be correlated with the use of 
temporary pools as the spawning groimds by this species. On the nth 
all of the eggs were in the elongated stage preceding hatching, and 
during the 1 2th most of the eggs hatched. The tadpoles of ChoropkUus 
Uriseriatus immediately after leaving the eggs were very black and 
about 8 mm. in length, resembling the tadpoles of the common toad 
in outline. 

Since the adults of this species were so abundant about the pools 
near the University during the spring spawning season, a study of the 
variation in the color pattern was made. The color pattern has been 
used by several writers in connection with certain anatomical char- 
acters for the separation of the subspecies of Chorophiius nigritus 
LeConte, and Chorophiius triseriatus (Wied) is considered as one of 
these subspecies by some writers. The data collected from 40 adults 
taken from a single pool about ten feet across, are given below: 

Back with stripes only; spots if present, on the eyelids only 9 

No spots (m the eyelids z 

Spot on each e3relid free 5 

Spot on each eyelid fused with the mid-dorsal stripe 3 

Stripes and spots both present on the back 37 

No spots on the eyelids 2 

Spot on each eyelid free 15 

Spot on each eyelid fused with mid-dorsal stripe zo 

Spots only 4 

No spots on the eyelids z 

Spot on each eyelid • 3 
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It may be seen from the above that the three types of color pattern 
given as characteristics for ChoropkUus nigritus LeConte, Chorophilus 
feriarum Baird, and ChoropkUus (Hseriatiis Wied, by Hay/ as well 
as several other combinations of these characters, occurred in this 
single collection. All of these specimens were of the same proportions, 
having the length of the body i .3 to i . 5 in the length of the hind 
leg, the anatomical character diagnostic of ChoropkUus triseriaius 
Wied. 

Acris gryllus (LeConte) 
Cricket Frog (Figs. 6 and 7) 

Wray, August, 1913. 

Family Ranidae 

Rana pipiens Schreber 

Leopard Frog 

Greeley, September 38, 190a (C.C.); Medano Ranch, Costilla County, June 24, 
1902 (C.C); Buena ^ta, 8,500 ft, June, 1914; Alma, PariL County, above 10,000 ft., 
August, 1914 (494); Lal^e George, 8,000 ft, September 38, 1914 (495); Florissant, 8,300 
ft, Sq>tember 38, 1914 (49<^)* 

The Leopard Frog has been reported as very abundant near all 
of the ponds and lakes in eastern Colorado by numerous corre- 
spondents. 

Rana catesbeana Shaw 
Bullfrog 

This species of frog has been introduced from the East into several 
ponds and reservoirs in the upper South Platte valley during the past 
two years- At present the results seem rather discouraging to those 
interested in introducing this frog because of its economic importance, 
as the species is not well established. If found, the adults of this 
species are easily recognized by their large size, large individuals 
frequently reaching the length of 12 inches from tip of snout to tip 
of the outstretched hind leg. Bullfrogs of any size may be dis- 
tinguished from the Leopard frog by the absence of the lateral folds 
of skin so prominent on the edges of the back of the Leopard frog; 

* Rtp, StaU Gtol. Ind; for z8gx, p 470, x8ga. 
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by the very large ear; and by the rather uniform yellowish-olive 
color, the back of the Bullfrog being mottled with brown, or dusky, 
instead of being distinctly spotted with black, as is the Leopard frog. 

Class REPTILIA 

Family Iouanidae 

Crotaphytus coUaris baileyi (Stejneger) 

Bailey's Collared Lizard (Fig, s) 

Naturita, June 11 and 15, 1914 (444 and 445); 5 nules west of La Plata-Montesuma 
County line at Mancos Spring, June, 1913 (2S4). 

This spedes was common from Naturita south and west in 1914, 
and was especially abundant in the rocky bluffs and ridges bordering 
the Paradox Valley and Basin Creek. It was seldom seen far from 
rocky ledges. The figure of this spedes shows the characteristic 
attitude of this spedes when surprised or disturbed among the sage- 
brush. 

Sceloporos consobrinus Baird and Girard 
Yellow-banded Swipt 

Bedrock, Dolores River, April 17-19, 1908 (C.C.); Coventry, Montrose County, 
6,800 ft., April 24, 1908 (C.C.); Boulder foothills, above 6,000 ft., August 6, 19x3, April 
21, 1914, and May zo, 1914 (286, 434, and 435); Gypsum Creek, tributary to the Dolores 
River, July, 1914 (44S); Tapagausche Creek, San Miguel County, August z, Z914 (449). 

Specimens of this swift from southwestern Colorado have been 
referred to the species Sceloporus dongatus Stejneger, a form stated 
by Stejneger* to be quite dose to Sceloporus consobrinus. The speci- 
mens examined by us from southwestern Colorado do not differ in 
any tangible character from specimens of Sceloporus consobrinus 
taken in other parts of Colorado, unless it be in the carination of the 
scales. The specimens from southwestern Colorado have the keels 
of the scales a little less evident and a little more restricted to the 
apical portions of the scales than some of the specimens collected in 
the foothills near Boulder. Stejneger, I.e., has pointed out this 
difference between Sceloporus elongalus and Sceloporus consobrinus, 

*N. Awur, Pamm, No. 3, pw ixa, 1890. 
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stating that, ''the scales (of Sceloporus dongatus) are not so strongly 
carinated, the keel being lower and mostly confined to the terminal 
half of the scale." Since similar variations were fomid among speci- 
mens of the swifts collected in eastern Colorado, all of our Colorado 
specimens are here listed as Sceloporus consobrinus. 

Several of the specimens of this swift in the museum of the Uni- 
versity of Colorado have small red mites dinging to various parts of the 
body, particularly to the sides of the head in the lateral folds. 

Sceloporus graciosus Baird and Girard 
Sagebrush Swift 

Bedrock, Dolores River, 5,150 ft., April 17, 1908 (C.C); Howard, San Migud 
County, June 10, 1909 (C.C). 

Holbrookia maculata Girard 
Spotted Lizard 

Greeley, April 38, 1902 (C.C); Barr, May 29 and 30, 1908 (C.C). 

Phiynosoma hemandesi omatissumum (Girard) 
Horned Toad 

Bedrock, April 19, 1908 (C.C); Coventry, April 19, 1908 (C.C); Boulder, Sep- 
tember, X913 (4x4); Naturita, June 11, 1914 (446); Gypsum Creek, tributary of the 
Dolores River, July, 1914 (447); Marshall, Boulder County, June 2, 1913 (282). 

Phiynosoma hemandesi hemandesi (Girard) 
Horned Toad 

Greeley, August 8, 1902 (C.C) ; 2 miles southeast of Medano Ranch, Costilla County, 
7,700 ft., July 5, 1909 (C.C); 3 miles from Muddy Creek, on Gardner-Silver Cliff Road, 
Huerfano County, July 15, 1909; Trinidad, September 25, 1909 (C.C); Colorado Springs, 
May 18, 1903 (C.C); between Douglas Spring and Snake River, Moffat County, June 29, 
1907 (C.C). 

Family Teiidae 

Cnemidophoras sexlineatus (Linnaeus) 

Race Runner 

Barr, June i, 1908 (C.C); Canyon City, July, 1913; Joe Davis Gulch, Dolores 
River, August 8, 1914 (451) ; reported as common in Dolores Canyon and north and south 
of Paradox Valley in 1914 by Henderson. 
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Family Colubridae 
Thamnophis radix (Baird and Girard) 
Plains Garter Snake 

This garter snake and Thamnophis parietalis (Say) are the first 
snakes to appear in the spring about Boulder. They are found to- 
gether near the temporary pools, feeding upon the little tree frog, 
Chorophilus tHseriatus (yfied), which also frequents these pools. 
We have not taken the Plains Garter Snake in any situation above 
6,500 feet near the foothills. 

The Plains Garter Snake has a fatal habit of coining on the rail- 
road track during the early days to enjoy the heat of the bare baUast 
and the iron rails. On one occasion seven dead, but recently killed, 
specimens of this snake were found on a half-mile of track, immedi- 
ately after the passing of a train. 

Thamnophis parietalis (Say) 
Red-barred Garter Snake 

Boulder, April 15, May 10 and 17, 19x4 (433, 436, and 439). 

Thamnophis megalops (Kennicott) 
Pine River, La Plato County, fall of 1906 (C.C). 

Thamnophis elegans (Baird and Girard) 
Western Garter Snake 

Bedrock, April 34, 1908 (C.C.) ; Chambers Ranch, near Glenn Eyrie, £1 Paso County, 
May, 1908 (C.C.); Dolores River, San Miguel County, August, 19x4 (44^); Naturita, 
June 12, 1914 (443)- 

Ophibolus doliatus genitilis (Baird and Girard) 
Red EliNG Snake 

Flagstaff Mountain, Boulder, above 6,000 ft.. May 18, 1914 (438). 
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Pityophis catenif er sayi (Schlegel) 
Eastern Bull Snake 

Gredey, June 15, 1903 (C.C.); Maishall, Boulder County, May 19, 1914 (441); 
Hortenae Hot Springs, near Buena l^ta, about 9,000 ft, June 8, 1914 (497). 

This bull snake is quite common in the upper Arkansas River 
valley near hot springs. Several persons assured us that large 
specimens of this species were oft^i seen about the Hortense and 
Cottonwood Springs late in November. 

Pityophis catenif er bellona (Baird and Girard) 
Great Basin Bull Snake 

Douglas Spring, Moffat County, June 25, 1907 (C.C.); Naturita, Jtme 15, 1914 
(457); reported as fairiy common from Naturita to Little Gypsum Cre«k in 1914 by 
Henderson. 

Tropidonotus sipedon f asdatus (Linnaeus) 
Water Snake 

Greeley, May 12, 1903 (C.C.). 

liopeltis vemalis (DeKay) 
Little Green Snake 

Several reports of this little snake have reached us from the upper 
South Platte River valley and Park County. One of these reports, 
which seemed reliable in every detail, mentions this snake as occurring 
above 9,500 feet. We have no specimens from this part of the state, 
although we have previously recorded this snake from Palmer Lake, 
El Paso Coimty.* There is a specimen of this snake in the Museum 
of the State Agricultural College, from Steamboat Springs, Colorado* 

Zamenis constrictor flaviventris (Say) 
Blue Racer 

Boulder, September 11, 19x3 (289). 
> Unh. Colo, Studios, VoL X. p. xoo, 19x3. 
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Tantilla nigriceps Kennicott 
Texas Black-headed Snake 

Lajunta, data incomplete (C.C); Boulder, December, 1914 (500). 

The Boulder specimen of this snake was taken from a trench 
which was being dug for pipe lines in the city limits. Just how far 
below the surface the snake was when imcovered was not learned. 
The record of this species in Boulder is apparently the most northern 
for the species, and places it nearer the moimtains than it has previ- 
ously been taken.' 

Family Crotalidae 

Crotalus confluentus Say 
Prairie Rattlesnake 

Near Paradox Valley, Jtme 19x4 (452) ; Paradox Valley, June 15, 1914 (455) ; Gypsum 
Creek, tributary of the Dolores River, June, 19 14 (456); reported common in the San 
Miguel and Dolores River regions, south and west of Naturita in 19x4 by Henderson. 

Family Chelydridae 

Chelydra serpentina (Linnaeus) 

Snapping Turtle 

Several specimens of this turtle have been taken in the tributaries 
of Boulder Creek near Boulder during the past two years. One 
specimen, brought to the Museum of the University of Colorado 
during March, 1914, had been dug out of a straw pile where it was 
wintering, and was quite stupid when received. After being placed 
in the tank in the building it soon became active and remained so, 
although it was several weeks before active turtles were found out of 
doors. 

Family Testidinidae 

Chiysemys belli (Gray) 
Bell's Painted Turtle 

Greeley, March 9, 1903 (C.C); Wray, June, 1914. 

Bell's Ttirtle is reported as common, often abimdant, in many of the 
ponds and lakes of eastern Colorado. 

* Umh. Coh, Shidi4s, VoL X, p. io6, xgxa* 
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A KEY TO THE ENTOMOSTRACA OF COLORADO 

By G. S. boDDS. -' ^ ' 



Editor's Notb.— This itndy was begun in 1907 when tlie anthor was a member of the Faculty of the 
Unhreni^ of O^orado. During the past three summers Professor Dodds has been in charge of the soSkgical 
woik at the Mountain Laboratofy, ToUand, Colocsdo. His detailed UbonJUnry studies have been made at 
the University of Missouri. 

One would not at first thought turn to the semi-arid conditions of 
the states of the Rocky Mountain region for a favorable opportunity 
to study aquatic animals. Colorado has, however, proved to be a rich 
and interesting field for the study of plankton Crustacea. Though 
there are no kurge lakes and the total water surface of the state is not 
great, there exist many small bodies of water — flakes, ponds, and pools 
— ^in both plains and moimtain areas. These, on accoimt of the wide 
range of climatic conditions foimd within this area, support an inter- 
esting and diversified f aima. For this reason, study here is of greater 
interest than it would be in an area of the same size in the lowlands 
of the Mississippi Valley. Here is an area especially suited for the 
study of ecological relations and problems of distribution. 

The data on which the following key is based were, in the main, 
accumulated during ecological studies of the Entomostraca, the main 
results of which will appear in a later paper. My collections include 
material from 124 lakes and ponds, the majority in the moimtain 
region west of Boulder, but some also from stations on the plains. 
Most of this collecting was done during three simmiers at the Moim- 
tain Laboratory of the University of Colorado, at Tolland. I am also 
indebted for material to Professor Max M. Ellis and Mr. L. C. Bragg. 
These collections have yielded 55 species. To these I have added all 
other species known to occur in the state, making a total of 72 species. 
This list is fairly full, but the collector need not be surprised to find 
representatives of other species. 

The Entomostraca form a rather poorly defined group, not recog- 
nized by all authorities, including many of the lower forms of Crus- 
tacea. Nearly all are of small size. They form by far the greater 
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part of the zooplankton of both fresh and salt waters, are much more 
abundant in standing water than in streams, and find most favorable 
conditions in small bodies of water with much plant growth, or in 
shallow margins of larger bodies that present similar conditions. So 
common are these forms that every lake and pond has its entomos- 
tracan fauna. 

Aside from their general scientific interest, the Entomostraca are 
of considerable economic importance. Many yoimg and small fishes 
in both salt and fresh water feed almost exclusively upon these forms, 
and they are an important part of the diet of many of the larger ones. 
Also they are fed upon largely by certain insect larvae. The small 
fish and the insect larvae are in turn eaten by larger fish. The 
Entomostraca themselves feed almost exclusively upon microscopic 
plant forms which are abundant in all waters and furnish the ultimate 
source of food for aquatic animals. Thus Entomostraca furnish the 
first link in the utilization of this fundamental food supply. 

It is by no means possible in a few pages to give an adequate 
accoimt of the structure of so large and diverse a group and I shall 
merely attempt to include a few facts necessary for a general imder- 
standing of specimens and identification of species. In the key, at 
appropriate places, will be foimd more detailed accounts of certain 
peculiarities of each group. 

In common with all Crustacea, the Entomostraca have a definitely 
segmented body in which head and trunk regions may be recognized. 
In by no means all, however, is the trunk definitely divided into 
thorax and abdomen. The carapace, or covering of the body, is 
variously developed, and takes diverse forms, so that the different 
subdivisions of the group present a wide range of possibilities as to 
general appearance. 

The appendages of the Entomostraca, especially those of the 
trunk, are primitive. Those of the head are five in number, as in all 
Crustacea — in each group modified in a characteristic manner. The 
two pairs of antennae serve as sensory or as locomotor organs; and 
either or both pairs may be well developed or much reduced. In 
the males they may be peculiarly modified to serve as clasping organs. 
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The mandibles are the most constant pair and, as in other Crustacea, 
are the chief jaws. The two pairs of maxUlae are, on the whole, not 
greatly developed, though in all groups one or both pairs serve to 
some extent as accessory jaws. The appendages of the trunk are 
of special interest. In all the Branchiopoda they are typically flat- 
tened, and their primitive fimction is that of swimming organs. 
They have the special peculiarity that the base of each one is modified 
on the medial side as a gnathobascy or chewing base, so that even the 
appendages far from the mouth assist in capturing, in canying to 
the mouth, and in chewing the food. In the more primitive groups 
this type is closely adhered to, but in the more specialized types there 
are varying degrees of departure. The primitive forms have a large 
number of similar, foliaceous trunk appendages, whereas in the more 
advanced groups they are fewer and more diversi- 
fied. In the Copepods they have lost the primi- 
tive foliaceous form and are definitely roimded and 
biramous. The Ostracods show the greatest reduc- 
tion, there being but two pairs in the trunk region. 
For a tabulated comparison of appendages of the 
different groups see Table I. 

The common means of collecting Entomostraca 
js with a net of fine muslin or, better, of bolting 
cloth (No. 10 is fine enough). A good form is a 
conical net with an opening of about 5 inches and 
a length of 15 inches. The material which collects 
in the bottom of the net can be washed out by 
everting the net into a wide-mouthed bottle or 
other vessel. A better plan is to have in the 
small end of the net a little fxmnel which may be 
stopped with a cork. Such a net may be towed p,o. i.— Net used in 
behind a boat by means of a cord; or if the funnel m»king collections. 
is weighted with about 2 oz. of lead, it may be thrown out from the 
shore 50 to 75 feet when no boat is available. 

The material may be studied alive or in fresh condition with best 
results, but when necessary it may be preserved. Although 70 per 
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cent alcohol is commonly rec^ommended, my practice has been to use 
formalin, adding a few drops to the water when the collection is 
bottled. Small viak are convenient for storing material. Collec- 
tions should be carefully labeled at the time they are made. 

For the study of many parts used in the identification of species 
it is necessary to make dissections. On account of their small size, 
most specimens must be dissected with needles under a lens or a 
binocular dissecting microscope. This is best done on a slide in a 
drop of glycerin. For the study of these forms, a compound micro- 
scope is, of course, necessary. For permanent moimting of specimens, 
glycerin may be used, but unless the cover is well sealed the prepara- 
tion will not last long. I have used glycerin jelly with good results. 
This medium has the disadvantage that it requires to be heated when 
used, and the compensating advantage that it becomes solid when 
cool, giving a more durable moimt. The cover should, however, be 
cemented. Specimens may also be dehydrated, cleared, and mounted 
in balsam, but in this process cuticular structures are likely to be 
deformed, and some preparations also become too transparent. 

The figures used in the following key were either drawn from 
nature or redrawn from the sources indicated in the legend. Mr. 
George T. Kline made Figs. 1-6, 9, 10, 12-18, 20, 26, 32, 34, 36-41, 
4S, 47, 54, 60, 61. For opportimity to make the collections, I am 
indebted to Professor Francis Ramaley of the University of Colorado, 
who placed at my service facilities provided for the summer field 
work of the University. During the course of the work, valuable 
suggestions were received from Professors Chancey Juday and A. S. 
Pearse of the University of Wisconsin. Of great service to me were 
proofs of certain chapters of Ward and Whipple's Fresh-Water Biology ^ 
which I secured through the courtesy of the publishers, John Wiley 
& Sons. 
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Classification and Index to Key 

Sub-class Branchiopoda, p. 271 Number 

Order Anostraca, p. 272 Spedet 

Family Branchinectidae, p. 272 

Gen\is Branchinecta, p. 272 3 

Family Chirocephalidae, p. 273 

Genus Thamnocephalus, p. 273 z 

Family Streptocq>halidae, p. 273 

Gen\is Str^tocephalus, p. 273 2 

Order Notostxaca, p. 274 

Family Apodidae, p. 274 

Gen\is Apus, p. 274 4 

Gen\is Lepidurus, p. 275 2 

Order Conchostraca, p. 275 

Family Limnadidae, p. 275 

Genus Eulimnadia, p. 275 i 

Gen\is Estheria, p. 275 3 

Family Limnetidae, p. 276 

Genus Limnetis, p. 276 i 

Order Cladocera, p. 276 

Family Sididae, p. 277 

Genus Latona, p. 277 i 

Family Holopedidae, p. 277 

Genus Holopedium, p. 277 i 

Family Daphnidae, p. 278 

Genus Daphnia, p. 278 4 

Gen\is Scapholeberis, p. 280 i 

Genus Simocephalus, p. 280 2 

Genus Ceriodaphnia, p. 280 2 

Genus Moina, p. 281 2 

Family Bosminidae, p. 281 

Genus Bosmina, p. 281 i 

Family Macrothricidae, p. 281 

Genus Depanothrix, p. 282 i 

Genus Streblocerus, p. 282 i 

Genus Macrothrix, p. 282 2 

Family Chydoridae, p. 283 

Genus Eurycerus, p. 283 i 

Genus Camptocercus, p. 283 i 

Genus Acroperus, p. 283 i 

Genus Kurzia, p. 284 z 
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Number 

of 
Species 

Genus Graptoleberis, p. 284 i 

Gen\is Leydigea, p. 284 i 

Genus Alona, p. 284 3 

Genus Dunhevedia, p. 285 z 

Genus Pleuroxus, p. 285 3 

Genus Alonella, p. 286 2 

Genus Chydorus, p. 287 i 

Sub-class Copepoda, p. 287 

Family Centropagidae, p. 288 

Genus Diaptomus, p. 288 13 

Family Cycl(^idae, p. 294 

Genus Cyclops, p. 294 5 

Family Harpactidae, p. 296 

Genus Marshia, p. 296 z 

Genus Canthocampt\is, p. 296 2 

Sub-class Ostracoda, p. 297 

Genus Candona, p. 297 z 

Genus Cydocypris, p. 297 z 

Genus Cypria, p. 297 z 

Genus C^ridopsis, p. 297 2 

Genus Cyprinotus, p. 297 z 

Genus Cypris, p. 297 z 

Genus Erpetocypris, p. 297 z 

Genus Iliocypris, p. 297 z 

Total 8z 

Key to the Emtomostsaca or Colorado 

z (zoo, Z39) Feet varying in number; usually foliaceous. Carapace usually 
present. Paired compound eyes usually present (in the Cladocera they are 
fused to form a single median mass). Sub-class BRANCHIOPO DA 2 

2 (33) Post-c^halic appendages zo or more. Animals usually of some size 
(6-40 mm. or more) 3 

In tike tulxIaaB Branchiopoda tlie three foUofwing oc dere A noetrao, NoCoetraca, and Concbottraca — 
are dten clawed together as a tmgle order, PhjrUopoda; and though they differ widely in appearance, becanae 
of diverse development of the carapace, they are to much alike in general organisation thai they form a very 
convenient group when combined. The appearance and structore of these animals are sufficiently illns- 
trated in Figs, a, 5, 9, and 13, and the nomber and nature of the appendages, in Table I. 

None of the PlqrUopods are marine, though one species, Arkmi^ m/mm, lives in salt poob of very much 
greater concentration than sea-water. Though some Pfajrllopods are found in permanent lakes, they belong 
pre-eminently to transient pools, those which form in rainy weather and last, at most, for but a few weeks. 
In this short time there mature, from eggs lying dormant in the dry earth, individuals which produce eggs that 
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an to withstand another period of diyness. They are of iporadic occturence, b^ng found only in certain 
pools in a locality, and in them not evoy year. Under favwable conditions they may crowd a pool in enonnona 
numbers. Most species of Phyllopods have a very limited range. Of the 4 a species known from Ncvth 
America, almost all are confined exclusively to that area. Of the 43 Ncvth American species, x6 have been 
reported from Colorado, and 2$ of them are confined to the states west of the meridian of Kansas City. In 
. the semi-arid plains of this region, which seem to offer specially favorable conditions for Crustacea of this 
type, they form a larger part of the Entomostracan fauna than in other parts of North America. Therdatively 
small amount of exploration, and the probability that future work will add considerably to the number of 
species from this region, place further emphasis on the importance of this part of the aquatic fauna of the 
great plains. 

Most of the Phyllopods hatch as a nauplhis (Fig. 61), a small swimming larva with an unpaired eye and 
three pairs of appendages (xst and ad antennae and mandibles), or as a metanauplius with the beginnings of 
segmentation farther back. The males of most species are much less abundant than the females and for some 
species they are unknown. In many species parthenogenesis is by no means uncommon at certain times. 

3 (13) Carapace wanting. Body elongated. The "fairy shrimps." 

Order Anostraca 4 

All of ours have zx pairs of swimming feet. Usually swim on back. Second antenna of male always 
large and used as a clasping organ, which is important in diitinguithing species. Corresponding organs in 
the female are small and do not differ greatly fai different species (Figs. a-8). 

4 (10) Clasping antenna of male 2-jointed 5 

5 (9) Head of male with no frontal process. All of ours have 9 posterior 

segments without limbs Family Branchinectidae 

Genus Branchinecta 6 

6 (7, 8) Basal segment of male clasping antenna unarmed on inner margin, 

except for a swollen, spiny area near the base. Length: male, 13 . 6; female, 
12.8 mm Branchinecta HndaMiTacksLrd 

Greeley; 4f6ooft. [Kansas, Nebraska, Wyoming.] 



/fMl«n •J^-^'-'j/^ 




/jf owI^wm' ,Y 1J> 




/brtcfe/*/' /I 


VI3J 


Fio. 2,—BrMckin«cta HndaUi. 
Male. (After Shanta.) 




Fio. z<'—Brmtekinecta colcra- 
dimis, Male. 

7 (6, 8) Inner margin of basal segment of male clasping antenna with an 
elevated spiny area near middle and a prominent tubercle near the base. 
Length: male, 18; female, 17 mm. . . Branchinecta coloradensis Packard 

Abundant in mountain regions of Colorado, especially above xx,ooo ft. Has been considered a type 
of a strictly alpine form, but material collected by Ellis at St. Vrain (5,100 ft.), well outside the mountain 
area, contains specimens which I would without hesitation refer to this species, were they collected in the 
mountains. 
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8 (6, 7) Inner margin of basal segment of male clasping antenna with a promi- 
nent spiny process at about the middle, and two short, finger-like processes 
near base. Length: male, 16; female, 17. 3 mm. 

Branchinecta packardi Pearse 

La Jontm (type locality), St. Vrain. Known only from plains of Colorado. 



Ftonttal oraoti 

/ 

' ficdhn «/• 

Vjf ontfnna 




Fio. 4. — B rw m ckintda 
Packardi. Male. 



^Caudal tfy/9f» 

Fio. S'—B r oHckinacta packardi. Feoiale. 



^td antenna 



(5) Head of male with one or two frontal processes. 

Family Chikocephalidae 

Frontal process of male long and much branched. End of abdomen 

flattened in both sexes. Second joint of male clasping antenna curved and 

tusk-like. Female second antenna long and oar-like. Genus Thamnocephalus 

Only one species known. Length: male, 23; female,' 36. 5 mm. 

Thamnocephalus plaiyurus Packard 

Near Denver, La Junta. (Plaint of Colorado and Kansas.] 

zo (4) Clasping antenna of male 3-jointed and 
much bent. 
•/•* Family Stkeptocefhaudae 

^y* Genus Streptocephalus 11 

ffffio fd syet 

an ey# 

*»»• tntatmo 

tat procast 
pfvetss 

ontanna 
y joir0 

Ijmnt 
-Tkawmocepkalm phtytmu. Fio. T.—^tr§ptoc«pkahu Ustamu. 



Fio. 6.- 
Male. 



Fio. S.—Skepiocapkalm 
cclaradttuis. Male. 



II (13) Distal digit of male clasping antenna flattened, \mdulate, and bifid 
at the tip. Frontal process less than one-half first joint of antenna. Length : 
male, 16. 3; female, 14 mm. Streptocephalus texanus Packard 

Denver, St Vrain, Mesa de Maya. [PJains of Texas, Colorado, Kansas and Nebraska.] 
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12 (ii) Distal digit of male clasping antenna with a slight, uniform curvature 
and pointed at the tip. Frontal process more than one-half first joint of 
antenna. Length: male, 22; female, 23 mm. 

Streptouphdus cohradensis Dodds 

Eldon (type locality), Ward, Ft CoDint; 5/>oo^>5oo ft. 

13 (3) A well-developed can^Mure present 14 

Z4 (24) Carapace shieldlike, covering anterior portion of body only. About 

60 pairs of appendages. Back of zzth, there are more than one pair of 

appendages on a segment Order Notostraca 

Family Apodidae 15 

15 (21) End of telson without a flat process. . Genus Apus 16 

16 (17) Carapace as long as exposed portion of body. Segments exposed 
back of carapace: male, 11; female, 9. Telaon with 2 median and 2 paired 
dorsal ^ines. Length, 29 mm Apus aequalis Packard 

La Junta. [Maioo, Lower California, Texas, Ndvaska, Kansas, Colorado.] 

17 (16) Carapace shorter than exposed portion of body . . . . z8 

18 (19, 20) Telaon with 3 median and 2 paired dorsal 
spines. Segments exposed back of carapace, 29. 
Segments back of last appendages: male, zz; fe- 
male, 9( ? ). Length, 50 nun. 

Apus newbenyi Packard 

Greeley. [Colorado and Utah.] 




Fxo. 9.— Apus atqpaUs, 



Fxo. 10.— 'Apus iMV- 
henyi. Telson. (After 
Packard.) 





Fro. iij-'Apus Imca- 
«amff. Telson. (After 
Packaid.) 



Fio. 12.— Apus Urn- 
^camiatus. Tdson. 
(After Packard.) 



Z9 (18, 20) Telson with z median and 2 paired dorsal spines. Segments 
exposed back of carapace: male, 33; female, 29. Segments back of last 
appendages: male, 13; female, 11. Length about 50 mm. Measurements 
in Packard's description are about half as great, and agree with my Montdair 
specimens. Those from Ft. Collins are much larger but agree in details 
of structure Apus lucasanus Vz,diBi6, 

Ft (>>llins, Montdair. [Kansas, Colorado, Lower California.] 
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20 (x8y 19) Telson with x median and 4 paired dorsal spines. Segments 
exposed back of carapace: male, 32; female, 28. Segments back of last 
appendages: male, 14; female, 10. Length, 40 mm. 

Apus kmgicaudaius Leconte 

[Reoordi of Haydea Survey from Colondo, Nebnska, Tezu, "near YeUowitooe River."] 

21 (15) End of telson with a long paddle-like process. Genus Lepidurus 22 

22 (23) Process of telson notched at the end. Length: male, "including caudal 

stylets, 48 mm."; female, "length of body 
35 mm." . Lepidurus bilobatus Packard 

Po Canyon on Vermillion River, Colorado. 

23 (22) Process of telson not notched but 

elongated and keeled. Length, 2onmi. 

Lepidurus couesii Packard 

(Montana and Utah. To be expected in Colorado.] 

n^Mwii^^A^ fifL^r^iuSi ^ (h) Carapace of two valves inclosing 
Packard.) Packard.) body and appendages. 

Order Conchostraca 25 

25 (32) Both head and body entirely inclosed within carapace. Carapace 
with concentric lines of growth, resembling those of a mollusk shell. First 
and second post-cephalic limbs prehensile in the male. 

Family Ldinadidae 26 

26 (27) Not more than 4 or 5 lines of growth on shell. Frontal organ pedicu- 

lated. 18 pairs of feet. Branches 
of 2d antenna 9-jointed. 
fy^^^ Genus Eulimnadia 

Shell with 5 lines of growth. 
Telson with 16 fine teeth on 
. dorsal side. 

Length, 7 mm. 
/8f Eulimnadia iexana Packard 

La Junta. [Nebraska, Kansas, Colorado, 
Fm. is.^Btdiwmadia texana. (After Packard.) Texas.] 

27 (26) Shell with 18-22 lines of growth. Frontal organ not pediculated. 
24-37 pairs of feet. Branches of 2d antenna 15- to 20-jointed. 

Genus Estheria 28 

28 (29) Shell long and narrow. Umbones small and at about i length from 
anterior end. Telson with many equal, fine teeth. Length, ii.omm. 

Estheria compleximanus Packard 

Ft Collins, Montdair. [Kansas, Colorado, Lower California.] 
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29 (28) Shell not greatly elongated 30 

30 (31) Hinge-line straight, ending in a definite angle behind. Umbones 
prominent and shell full. Length, 10-12 mm. Estheria marsei TackAid 

La Junta. [South DakoU, Nebraska, Colorado.] 




Fzo. z6. — Rstheria eom^Uximanus. Fio. 17. — Estkma marsei. Fio. z8. — Bslhcria mtximma 

31 (30) Hihge-line slightly curved and not ending in an angle behind. Um- 
bones less prominent than in above species, and shell flatter. Length, 
10.2 mm Esiheria mexicana ClsLyis 

La Junta, GredQr. [Lake Winnipeg to Mexico and from Ohio to the Rocky Mountains.] 

32 (25) Head not inclosed within valves, but with a separate shield, ending 

in a prominent beak below. Valves without con- 
centric growth markings. Family Limnetidae 

Genus Limnelis 
One species in Colorado. Length, 3 . o mm. 

Limnetis gouldii Baird 

ToUand region; 8,500-9,500 ft. [Northern United States and 
Canada.] 

33 (2) Post-cephalic appendages, 4-6. Body and 
Fio.i9,^LimmaistoMU, ^^^ ^^ covered with a bivalve carapace. 

Small animals usually less than 2.0mm. in length. The "water fleas." 

Order Cladocen 34 

The key to the Cladocera is based upon the characters of the mature female. 

The Cladocera form a large part of the zodplankton of both salt and fresh water. They will be found 
to constitute by far the greater part of plankton collections from most fresh-water lakes and pools. The 
general structure of a typical ckdoceran is illustrated by the drawing of Dapknia pukx (Fig. s6) and the 
nature and number of the appendages are given in Table I. The trunk and its appendages, but not the head, 
are inclosed within a bivalve carapace, of characteristic shape in each genus. The large eye with numerous 
lenses, so conspicuous in the head, is composed of two lateral eyes fused into one mass. Below it, in nearly 
all forms, is the ocellus, representing the nauplius eye. The constant motion of the trunk appendages keeps 
a continuous current of water circulating between the valves, bringing in food and oxygen and xcmoving 
wastes. The food, chiefly of algae, is fed forward by the gnathobases of the legs to the mouth, where, within 
the labrum, it is worked upon by the mandibles. The second antennae are powerful organs of locomotion. 

Back of the appendages, the body is continued as the freely movable post-cbdomen with two terminal 
clams used to remove foreign substances from among the legs. Near its base, on the dorsal side, it bears a pair 
of long sensory hairs, the abdominal setae, and farther back, on either side, a row of teeth, the anal spines. 
On each claw, near its base, are usually one or two spines, the basal spines; or a series of them, the peden. 
Between the dorsal surface of the trunk and the carapace is a space which, in the females, serves as a brood' 
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The males ftie of much the same form as the females, but much smaller. They are much less abundant 
than the females and for some species they are unknown. The following key, based upon the characters of 
the female, cannot be used to determine males. They are commonly distinguished from the female, among 
other features, by the larger antennuks. In most collections no males will be found, and they will seldom be 
so numerous as to cause confusion. They can usually, with little uncertainty, be referred to the proper females 
in the coIlecti<m. 

The life-history of Cladocera is of interest. During the summer months there follow each other several 
generations composed entirely of females. They produce repeated broods of parthenogenetic" summer eggs," 
which are carried in the brood-chamber until the young have attained essentially the form of the 
adult. Toward the dose of the summer, or other period favorable for growth, some males are also produced. 
At this time the females produce "winter eggs," which require fertilisation. These also pass into the bxood- 
chamber where, in most forms, they are protected by special thirkfning of the carapace. In the Daphnidae, 
this takes the form of a highly developed structure, the •pkip^imm, which is shed as a protective covering for 
the eggs. On the return of suitable conditions the eggs hatch. 

The individual species of Cladocera, unlike the PhyUopoda, as a rule have a wide geographical range, 
many of them being essentially cosmopolitan. 

34 (37) 6 pairs of feet, all foliaceous and similar. Tribe CTENOPODA 35 

35 (36) Shell of ordinary cladoceran type. Antenna 2-branched, with many 

large setae. Family Sididae 
^ Dorsal branch of antenna 

2-jointed, with a lateral ex- 
pansion on first joint. 

Genus Latona 

Lateral expansion of first 

joint large, reaching at least 

to middle of second joint. 

Length, 2-3 nmi. 

Latona seiifera (O.F.M.) 

Never abundant. [Known in northern United States and Europe. A 



Fio. 2o.^Laloma stt^era, (After Birge.) 



Twin Lakes, Tolland region, 
northern and mountain form.] 



36 



(35) Shell inclosed in a large drop of transparent jelly. Antenna im- 

branched, with three terminal setae. 

Family Holofedidae 

Only one genus, including a single 

species. Length, to 3.0 mm. Jelly 

mass about three times the diameter 

of the body of the animal. 

Holopedium gibberum Zaddach 

Tolland region; g,5oo-zo,goo ft. Sporadic. 
(From Colorado northward along Rocky Mountains. 
Northern United SUtes (probably in Canada). New- 
foundland, Greenland, Iceland, Northern Europe, 
Alps.1 




37 



Fio. 21.— 'HohfedimM gibbemm. 



(34) 5 or 6 pairs of feet. First two 
pairs not foliaceous but prehensile. 

Tnhe ANOMOPODA 38 
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38 (69) Ventral branch of antenna 3-jointed; dorsal branch 4-jointed (first 
joint may be very short). Intestine usually without convolution 39 

39 (60) A pair of blind diverticula at anterior end of gut (Fig. 26). Anten- 
nules usually small and inconspicuous. 5 pairs of feet. 

Family Daphnidae 40 

40 (53) Head beaked below; never sharply separated from body above. 
Eye of only moderate size 41 

41 (48) Shell with sharp spine at upper posterior angle. Genus Daphnia 42 

42 (45) Claw of post-abdomen with pecten. Anal spines not increasing very 
greatly in length toward end of series 43 

43 (44) Front of head about evenly curved to end of beak; head of young 
crested. Fornix with spine just back of base of antenna and extended well 
back on side of carapace. Dbtal pecten of about 15 spines not sharply 
distinct from the finer spines extending to end of claw. Post-abdomen with 
many clusters of fine spines on sides. Length up to 2. 8 nmi. 

Dapknia psiUacea Baird 

La Janta, in cattle ponda. [Nefanaka. Colo- 
rado. Fiom Greenland to Algiers and Palestine.] 





Fio. M.'—DapkitU psUlQe$a, Post-abdomen. 



Fio. S3.— Xte>A»M psiUacta. «, mature female; 



44 



(43) Front of head concave between eye and beak. Fornix without spine 
Dbtal pecten of 4-1 1 very distinct spines. Very, 
variable in form and size. Local varieties very 
different from figures may conmionly be expected. 
Many forms now considered as varieties have 
been described as distinct spedes. Immature 
specimens of some varieties have an angle or a 
crest bearing teeth on the carapace above the 
heart. Length up to 2 . 5 mm. 

Daphnia pulex De Geer 

In all parts of state from plains to highest mountain lakes. 
[World-wide.] 




Fio. i4,—DapkiUa pul$x, Post- 
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45 (42) Claw of post-abdomen without pecten. Anal spines increasing much 
in length toward end of series 46 






a, crested female; h, male. 




Brood'Chambw 


J>lf98hv9 tract 


/ Umn0+ 
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nd eye 



Pectt 
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Fio. 9^,—'DaflmU fuUx, Female beariog summer eggs. 

46 (47) Head not helmeted. Form of body very much like that of pulex and 

a very similar series of varietal forms exists. 
Length up to 3.0 mm. 

Dapknia kmgispina O.F.M. 

From western edge of plains to moderately high mountain 
lakes; most abundant in mountain lakes of intermediate eleva- 
tion; 5,aoo-zz,35oft. (Widespread, 
essentially cosmopolitan.] 

Var. hmtispima form FrUdeii Hart- 
wig. A small form with spine very 
short or wanting. Silver Lake; zo.aoo 
ft. First time recorded in America. 
[Reported from near Berlin.] 

Fio. a8.— Da^iMa hmgi- 
spina var. Umgispina form 
FfUddi, 





Fio. i-j.-^DaphmU hmgispina. 
Post-abdomen. 
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47 (46) Head helmeted; eye remote from margin of head. Size and form 

of helmet exceedingly variable. Often con- 
^^^^ ^^^s^**^^ sidered a variety of langispina. Length, 

^ ) j7*^ 1.5 mm. Daphnia hyalina Lcy^ 

^^->!V Vy Boulder, Twin Lakes; 5>30o-^,9oo ft. (Wklespntd in 

^'^^ ^ ^ X Old and New Worids.) 

¥10, 29.—Dapkmia kyaiima, ^ ^^jj -^^ sharp spine at Upper posterior 

angle of shelL 49 

49 (50) A sharp, backwardly directed spine at lower posterior margin of each 

valve Genus Scapkoleberis 

One species with us. Length x.o mm. 

Scapkoleberis mucronata (O.F.M.) 

Greeley, Boulder, ToUand, Twin Lakes; 4.600-^,600 ft. [Common in America and in Old Woridfrom 
arctic to tropical regions.] 





TiQ, yi.—ScapkeUberu mmcrmuta, Fio, si,--^imoetphtlm nimhu. Fio. 53.— tSma- 

cepkalus tenwUhu, 
(After Birge.) 

50 (49) Lower posterior margin of valves roimded. Blunt spine or angle 
at upper posterior margin. Beak obscure. . Genus Simocephalus 51 

51 (52) Head rounded in front of eye. Length up to 3 . o nmi. 

Simocephalus vetulus (O.F.M.) 

La Junta, Boulder, Greeley, ToUand, Twin Lakes region. In weedy margins of lakes and poods. [Com- 
mon in Eastern and Western Hemispheres from northern to southern portions.] 

52 (51) Head with spiny angle in front of eye. Length, 3 . o nmi. 

Simocephalus serrulalus (Koch) 

Pikes Peak; zz,ooo fL Doubtful record from plains near Boulder. [General distribution about the ~ 
same as teMitf .] 

53 (40) Head not beaked; separated from body by depression above. . 54 

54 (57) Head small and depressed; eye large. Antennules small. 

Genus Ceriodaphnia 55 

55 (56) Abdominal claw with pecten. Hexagonal markings of shell with 
simple contours. Head not inflated in front of antennules. Length, i . 4 mm. 

Ceriodaphnia reticulata Jurine 

La Junta, Boulder, Greeley, ToUand, Pikes Peak; 4,100-z 1,185 ft. [Widespread in America and from 
northern Europe to Africa.] 
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S^ (55) Abdominal claw smooth. Shell markings with double contours. 
Head inflated in front of antennules. Length, o. 7 nmi. 

Ceriodaphnia pulchella Sars 

Twin Lakes; 0,300 ft. To be expected lower. [DistribtttioD about same as reltM/ote.] 





Fio. zS'—CtH0daph$ria retictdaia. 



Fio. S4-—C€Hodapk- 
mapMuUa. (After 
ISnjtboTg.) 



Fio. 35.— JfMiM hrachuUa. 



57 (54) Head of ordinary size and not depressed. Antennules long and freely 
movable Genus If (^na 58 

58 (59) Ephippium with two eggs. Abdomen with one bident and 7-11 simple 
spines. Length, 1.5 nmi. Moina hrachiata (Jurine) 

La Junta; 4fioo ft. In muddy ponds. [Wiscooain, Nebraska, Colorado, MissourL Europe, except 
extreme north, to Egypt] 

59 (58) Ephippium with one egg and reticulated all over. In other respects 
very much like preceding species and M, rectirostris. Length, x . o mm. 

Moina affinis Birge 

Greeley; 4.600 ft. [''Wisconsin to Louisiana": Birge.] 

60 (39) No diverticula at forward end of gut. Antennules large. . . 61 

61 (63) Antennules many-jointed, tapering, and curved backward, with 
sensory hairs near the middle. Short spine at lower posterior margin of 

each valve Family Bosionidae 

A small family of two genera. 

Only one species reported from Colorado. Sensory 
hairs of antennules a little short of the middle. Ab- 
dominal daw with a basal series of teeth beyond 
which, to end of daw, is a series of very fine teeth 
(these latter wanting in other spedes of the genus). 
Form of shell exceedingly variable. Length, o. 5 mm. 
Bosmina longirostris (O.F.M.) 

La Junta, Boulder; 4,100-5,400 ft. May be expected in mountains. 
[Common in America and in Europe from north to south.] 




Fio. 36. — Bosmina longirostris. 



63 (61) Antennules i-jointed and not tapering. Sense hairs terminal. No 
spine at lower posterior margin. Family Macrothbicidae 63 
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63 (64) Dorsal margin of valves with short, backwardly directed tooth about 

middle. Intestine convoluted Genus Depanctkrix 

Only one spedes in America. Length, 0.7 nmi. 

Depanctkrix denlata (Euren) 

Twin Lakes; 0,300 ft. (Michigftn, MtnneioU, Witooosiii. Europe, except southern portjoa.] 




Fzo. z'j,—lMpan9lkn* dmtaU. (After 
LOUebocg.) 



us. (After Birse.) 



64 (63) Dorsal margin of valves smooth 65 

65 (66) Antennules sharply bent near the end. Intestine convoluted. 

Gtnus StrMacerus 

One species in Colorado. Pre-anal part of post-abdomen with serrate 

dorsal margin. Length, o. 5 nmi. . . StrMacerus serricaudatus (Fischer) 

ToOaad; 0,600 ft. (Widespresd but rue in United States. In Europe except extreme north.] 

66 (65) Antennules not bent. Intestine not convoluted. 

Genus Macroikrix 67 

67 (68) Conspicuous folds on dorsal surface between head and body. Length, 
0.5 mm Macroikrix morUana Birge 

Pikes peak; zz,ooo ft. (Califbtnia and Colorado.] 




Fxo. i^.^Macfolkrix wnmlana. 
(After Birge.) 



Fxo. 40. — MtcroikHx 
wicit/tiftfl. Post*abdoinc&. 
(After Birge.) 



Fxo. 4t*—Macrolknx kinmiicormis. 



68 (67) No dorsal folds. Post-abdomen bilobed. Antennules with about 6 
rows of hairs on anterior side. Length, o. 5 mm. 

Macrotkrix kirstUiccmis N. and B. 

Boulder, Tolland, Twin Lakes region; 5,400-12,000 ft (Colorado, Rhode Island. Greenland. Spits- 
bergen, Northern Europe to Africa.] 
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70 (71) Anus terminal. 



69 (38) Both branches of antenna 3-jointed. Intestine convohited. 

Family Chydoudae 70 
Post-abdomen very broad and flattened; armed with 
more than xoo dose-set teeth on dorsal 
margin. Two caecae at anterior end 
of gut. . Genus Eurycerus 

One species in United States. 
Length, 3.0 mm. 

Eurycerus lameUatus (O.F.M.) 

ToOud, Twin LakM legioa; 8,zoo-zo3oo ft. (Noctb- 
eni ptfti of United States and Europe. A northern and 
alpine form.] 

71 (70) Anus not terminal but on dorsal 
margin. Post-abdomen usually narrow 
and armed with spines or tufts of 
bristles, or both, on post-anal por- 
tion 72 

72 (77) Abdominal daw, in addition to 
the usual basal spine, has a second small one near the middle. . 73 

73 (76) Head distinctly keded, i.e., the eye is remote from margin of head. 
Beak short and blunt 74 

74 (75) Post-abdomen very long and narrow; armed with about 20 spines and 
a corre^x)nding niunber of tufts of fine bristles. . . Genus Camptocercus 

Chie spedes in Colorado. Length, i . o mm. 

Camptocercus rectirosUris Schoedler 

ToOand, Twin Lakes; about 9,000 ft [Common in America and in Europe but probably not in extreme 
nortb or soutb.] 




FXo. ^i.-^Bwyums U m dUfu s, 




ruiris. 



Fm, 4^-^Acr0^tnu hsrpti. 



Fio.45-— iTufsiaXalisftMtf. (After 
Birge.) 



75 (74) Post-abdomen not eztremdy narrow; armed with a row of about 12 

tufts of bristles Genus Acroperus 

One q)edes in Colorado. Length, o. 8 nmi. Acroperus harpae Baird 

ToUand; 8,zoo-zo,ooo ft. (Common in United States and in nortbem Europe.] 
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76 (73) Head not keded. Beak Icmg and slender. Genus Kta^ma 

One species in United States. Length, 0.6 mm. 

Kunia laUssima (Kurz) 

Sometimei listed m Ahn^psis laHstima Knrs. Gred^; 4.600 ft. (WideqvMd in United States 
and Europe. 

77 (73) Claw without spine in middle 78 

78 (79) Beak directed forwards and somewhat turned up at the end, forming 

a sort of snout. Head broader than body. 

Genus Graptaleberis 

But one species in the genus. Length, o. 7 mm. 

Graptaleberis testtidtnaria (Fischer) 

Boulder. ToOaod, Twin Lakes; $,350-10300 ft. (Common all over 
United States and Europe.] 

79 (78) Beak directed downward. Head not broader 

Fio. 46.— Gra^teMcrif than body 80 

****'''*'*^' 80 (87) Free posterior margin of valves but little less 

than greatest height of shell 8x 

8x (82) Post-abdomen broad and rounded and armed with many long and 

slender spines. Genus Leydigea 

One species in Cobrado. Qaw of 
post-abdomen with a small basal spine. 
Setae on keel of labrum small. Length, 
0.9 mm. 

Leydigea quadrangularis (Leydig) 

Boulder; s.aoo ft. (All parts of United States and 
Europe but not abundant.] 

82 (81) Post-abdomen not unusually broad 
nor are the spines of great length. 

Genus Alana 83 

83 (86) Post-abdomen rounded at the end 
and armed with a row of spines and a 

corresponding number of tufts of bristles 84 

84 (85) About 9 spines; the bristles long, some of them reaching well beyond 

the margin of the post- 
abdomen. ' Length, 
0.4 nun. 
Alana recUmgula Sars 

Boulder, ToUand; 5,400- 
zz,a5o ft. [Widespread in 
United States and Europe.] 



Fig. AI'^Ltydiiia quMdnrnguhris. 
(After LOlJdwrg.) 




Fzo. 48.— ilJMM reekmgula. 



Fio. ^.—Alona affimU, 
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85 (84) About 14 spines. Bristles extending little, if at all, beyond margin 
of post-abdomen. Abdomen broadly rounded at end. A row of fine spines 
at base of daw. Shell less arched than in preceding spedes. Length, 
i.omm. Alona affinis (Leydig) 

ToOand; 8,zoo-zz,z8$ ft [Owninwi fat America and in Old World froin the ertitme north aoutliward. 

86 (83) Post-abdomen angled and armed with spines only (8-xo in number). 
Form of shell much like reiicukUa. Length, 0.4 mm. Alona guUata Sars 

Pzobably eqnhralent to A. gfadaUs Birge, reported from Greeley; 4*600 ft. [Widespread in New and 
ddWorids.] 




87 



89 




90 



91 



Fio. so^—AUma rtcUmiula, Fio. 5Z.— ilfona ajffimis. Fm. 53.— il^MM gutMa. 

(So) Free posterior margin of valves deddedly less than greatest height 

of shell 88 

(99) Outline of body as seen from the side, somewhat dongated . 89 

(90) Marginal spines of post-abdomen inconspicuous. Groups of very 

small spines scattered on sides of abdomen. 
Claw with single basal spine. A single curved 
tooth at lower posterior margin of each valve. 

Genus Dunhevedia 
Only one spedes in Colorado. Dorsal mar- 
gin of shell much arched. Ked of labrum 
not serrated. Length, o. 5 mm. 

Dunhevedia crassa King 

Probably the same as D, setiger Birge. Boulder, Tolland; 
5,400-8.675 ft. [United States, Europe, Australia. Wide- 
spiead but not common.] 

(89) Mftrgin^l spines of post-abdomen of the usual type. Claw with two 

basal spines 91 

(96) Beak long and slender. Li our spedes the shell b marked with stria- 
tions that have a somewhat radial arrangement. . Genus Pleuroxus 92 



Fio. 53,-^Dmtk$90dia crassa. 
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93 (93) Beak curved sharply forward and upward at the tip. Teeth along 
entire posterior margin of valves. Length, o. 5 nun. 

Pkuroxus procurvatus Birge 

ToOand, Twin Lakes; 8,z5»-o,aoo ft. [Nortliem United States.] 

93 (93) Beak not curved upward. Small teeth at lower posterior margin of 
valves only 94 

94 (95) Post-abdomen rounded at posterior margin; 9-12 spines. Length, 
0.6 nmi. Pkuroxus adunctus Qurine) 

Boulder; s.aoo ft. [Colorado and California. Northern Europe to Algiers and Sjrria.] 

95 (94) Post-abdomen with prominent angle at posterior margin. Length, 
o.6nmi Pkuroxus defUic9datus Birgs 

Boulder; 5,300 ft. (Common in all parts of United States.] 

)o 




Flo. 54.— Plewrmnw pro- 
ctmaius. 



Fio. ss.—PUtuwms Mdmidm. Flo. 56.— PfonrwEni < 



96 (91) Beak short and blunt. Shell with markings more or less definitely 
hexagonal Genus AkneUa 97 

This describes only part of the genus. Other species not included hi our fauna would not fall under g6. 
The genus is poorly defined. 

97 (9S) Valves with distinct, fine longitudinal striations as well as hexagonal 
reticulations. Lower posterior margin of valves with rounded teeth. Post- 
abdomen of this species commonly described as angled at apex but in most 
of my specimens it was rounded as figured. Length, o. 5 mm. 

AkneUa excisa (Fischer) 

ToDand; 8,zoo-8^75 ft* (Common hi United Sutes, Greenland and all of Europe.] 

98 (97) Valves with hexagonal markings only. Teeth at lower posterior margin 




Fio. 57.— il^MMUtf iscisa, «, female; b, markhigs of valve. 
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99 



of valves more pronounced than in preceding species and not rounded. 
Post-abdomen roimded. Length, 0.35 mm. Akmellaexigua (Lilljeborg) 

ToOand; 9.500 ft [Wiaooiisin, Michigan. AU parts of Euxope.] 

(88) Outline of body as seen from the side, nearly circular. Genus Chydarus 

Only one species in Colorado. Length, 
0.5 nun. Chydorus sphaericus (O.F.M.) 

Poond in all parts of state where ooUectiops have been nuMle. 
[The most widespread cladooeran, being found all over the workL] 

100 (i, 139) Five pairs of biramous, non-foliaceous 
feet. Body moderately elongated and distinctly 
segmented. No paired eyes. Antennae usually 
of good size. . Sub-class COPBPODA 




Fio. S9'—Ckydonu sPhoiHeus. 

Next to the Cladocera, the Copepoda 
orm the most important part of our fresh- 
water plankton Crustacea. The general 
form of the bodb^ and the number and 
nature of the appendages are shown in 
Fig. 60 and Table I. To determine the 
species of Copq>ods it is necessary to 
make dissections to separate out the neces- 
sary parts. 

Males and females are about equally 
common. They may be readily distin- 
guished by the fact that the males have 
one or both antennae enlarged and genicu- 
late, to serve as a clasping organ. The 
fifth feet (sixth trunk limbs) are of im- 
portance in determining species. They 
are always reduced and are usually alike 
in male and female, though in Diaphmms 
they differ in the two sexes. The eggs 
during development are carried by the 
female in one or two brood-pouches at- 
tached to the abdomen. The young 
emerge from the egg in the nauplius stage 
(Fig. 6z). Very many nauplei as well as 
other immature toaoB are often found in 
collections in so great numbers as to 
cause confusion to the beginner. They 
cannot be determined by these keys and 
it is possible for the student merely to 
remember that they are young forms* 
probably of some one of the mature forms 
found in the same collection. 

loi (134) Abdomen much more slender than the cephalothoraz, from which 
it is sharply separated 102 



^•^ onttnim 
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Fio. 6o.^Ftmdt Cyclops. Ventral view. (After R. Hertwig.) 
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102 (i 26) Antennae very long (23-2 5 segments) , often reaching to the end of the 
body. In males the right antenna is enlarged and geniculate. 5th feet 
of female similar and small; of male the right one is much larger. Female 

carries a single egg-sac Family Centropagidae 

Only one genus represented in Colorado records. Antennae 25- 
segmented. Right 5th foot of male ends in a more or less sickle-shaped hook. 
Endopodites of swimming feet 2-3-3-3-segmented. Genus Diapiomus 

The key to the genus Diaplvmms is based upon the characters of the adult male. Detennmations are 
not easily nuMle from female specimens, but they may be without difficulty referred to the proper males in the 
same ooUecticm. 

The various species of this genus form an important part 
of the Copepod fauna of fresh waters throughout the workL 
Many of them are cooqucuous on account of their bright 
colon. The individual species are extremely restricted in their 
distribution. Of the 36 species known to occur in North 
America, not one extends beyond the bounds of the continent 
and most of them have a very much more restricted range 
than that. Of the 13 species that have been found in Colo- 
rado, nearly all have a range not extending beyond the Rocky 
Mountain region. The genus is one in which success has been 
attained by means of many species, each with a limited range. 

103 (120, 123) Antepenultimate segment of 

right antenna with terminal process 104 

(in) Terminal process straight 105 

(108) Terminal process shorter than penultimate segment. . .106 

(107) Terminal process much shorter than penultimate segment and 

tapered at end. Endopodite of right 5th foot shorter than first s^;ment of 

exopodite. Length : male, 0.9; female, o . 93 nmi. Diaptomusjudayi Marsh 

Twin Lakes; 9,300 ft. Only record for this species. 



Fio. 6x.— Nauplhis larva of a Copepod. 
(After Groben from Lang's CpmparoUte 
Anahmy.) 



104 
105 
106 




Fio. 6 a. — DiapUmm jndayi. a, last three segments of male right antenna; b, abdomen of female; 
e, 5th foot of female; d, 5th feet of male. (After Marsh.) 
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107 (106) Terminal process nearly as long as penultimate segment and slightly 
enlarged at tip. Endopodite of right 5th foot decidedly longer than first 
s^;ment of ez(^)odite. Length: male 1.15; female i . 25 nmi. 

Diaptamus sicUes Forbes 

Qndey; 4,600 ft (Great Lakes, Wisooosm, YellowitOBe ngioii, Nebraska, Cobrada] A oold-water 




Fia. 63.— XKa^lMNif sidks. (After Marsh.) 



108 (105) Terminal process longer than penultimate segment . . 109 

Z09 (no) Terminal processes of last segment of ezopodite of 5th foot long — 

nearly as long as combined length of last two s^;ments. Length: male, i . 7; 

female, 3.1mm. DiapUmus arapahoensis Bodd^ 

ToUand iccioB (tjpe kcaUty); xo,75o-zx,X3$ ft. 




Fia, 64.— Diaplomm anpckomsis. 
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^lo (109) Terminal processes of last segment of ezpodite of 5th foot short. 
Length: male, 3.5; female, 3.9 mm. « Diaptomus skcskone Forbes 

ToIkiid» Piket Peak; 0,350-13,188 ft. [YeUowstooe rogioa And Colonulo moanUint.] 




III (104) Terminal process curved iia 

1X3 (1x3) Endopoditeof right 5th foot very small— almost rudimentary. First 

segment of right exc^xxiite long. Last segment of ezopodite of left 5th foot 

much more slender than first. Length about a.o mm. 

Diaptomus linUnd Forbes 

Tolkiid; 0,600 ft. (YellowitoQe rogioa And Colorado moimtaiiif.] 

XX3 (113) Endopodite of right 5th foot not very smaU— iiearly as long as the 
short first segment of ezopodite. Last segment of left ezopodite about as 
thick as first xx4 

XX4 (1x5) Lateral spine of second segment of right ezopodite lon^— about 
half as long as terminal hook. Length: male, x. 58; female, x.76 mm. 

Diaptomus albuquerquensis Herrick 

La Junta, Hugo; 4tioo-SiOOo ft. [Mexico to Colorado.] 

XX5 (1x4) Lateral spine of second segment of right ezopodite of only moderate 
size X16 
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Flo. 66,'^Di§pl§ims UaUni, 





Fto, tj.'-Dimphmms Mtiqimvutiuis. 
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1x6 (119) A hyaline appendage on first segment of exc^xxlite of right 5th foot. 

117 

Z17 (118) Hyaline ai^>endage at inner distal angle of segment. Length: male, 

0.9; female, 0.93 mm Diaptomus sigmcaudalJXL}€boTg 

BonUer, s^aooft. lOdUonia And Cokfada] 







Fm,6A,^DUpipmutii»icotda. (After lianh.) 

1x8 (1x7) Hyaline appendage on inner distal half of segment. Length: male, 
x.xx; female, 1 . 22 mm. .... DiapUmms siciloidesJJXlidboTg 

La Junto, Hugo; 4tioo-s,ooo ft. (Califomia, Colondo, Kaans. Nebcaaka, Minoari, WiMonaiii, 
nUnoia, Indkna.] 




Fio. 6Q,—Diaplommi ticihidu. 



Fto. 70,-^DUplpmms mdm. 
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Z19 (116) No hyaline iqypendage on first segment of ezopodite of right 5th 
foot. Length: male, 1. 11; female, 1.33mm. Diaptamns nudus Maish 

Pike's PMk, Tolland, Bouldsr; 5,100-11,000 ft. 





Fio. iL-^DUptomut ehtktPM. 



Fxo. itj—Diapiowms UfUpm var. p isd m u . 





Fio. 73.—Diaphwmu fattidut. 



Fio. 74.— Diaptomms eohradmuis. 



I30 (103, 133) Antepenultimate 
l ampllft 



of right antenna with lateral hyaline 

131 
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Z3I (133) Hyaline lamelk nninded at distal end and not extended beyond end 
of segment. Endopodite of right 5th foot short. Length: male, 1.8; 
female, 3.0 mm Diaptamus claviceps Schscht 

La JnnU, Boulder, Qndey; 4,100-5,400 ft (Colorado, Iow», Nebraska.] 

133 (i3i) Hyaline lamella with distinct, angle at distal end or rounded at end 
and extending beyond end of segment. Length: male, 1.7; female, 1.8 mm. 

DiapUmus kptopus Forbes 

All Colorado specimens seem to belong to the Tariety p isa m u Forbes. The figures and distribution 
refer to this variety. Boulder, ToUand; 5,400-10,950 ft (Colorado, Montana, Manitoba, Albeita.] 

133 (103, z3o) Antepenultimate segment of right antenna without appendage. 

134 

134 (135) Inner terminal process of second segment of left exopodite falciform. 
Length: male, I. o; female, 1.3 mm. . DiapUmim paUidus Herrick 

La JunU, Pueblo; 4*100-4,600 ft. [Lowlands of Mississ^i Valky, Colorsdo.] 

135 (134) Both terminal processes of second segment of left exopodite digiti- 
form. Length: male, 1.33; female, 1.38 mm. 

Diaptomus color adensis Marsh 

ToUand, Kremmling, M^ Carbon; 7i50o-xi,35o ft 

136 (103) Antennae short (6-17 segments), never reaching beyond end of 
cephalothorax. In male both antennae are enlarged and geniculate. Fifth 
feet small and similar in male and female. Female carries two egg-sacs. 

Family Cyclgpidae 
Genus Cyclops 137 

Cychps, like DiaphmmSf forms a huge part of the fresh-water Copepod fauna of all parts of the earth. 
Unlike the latter genus, Cyclofs indndes relattrely few species, nearly all of which have a very wide range, 
many of them practically world-wide. Of the five species recorded bam Colorado, only one, Cychps sUr, 
is confiwid to North America. 

137 (133) Antenna of 17 segments 138 

138 (139) Fifth foot of one segment; armed with one ^ine and two long 
setae. A large form; the female may be as long as 3. 88 mm. 

Cyclops aUr Herrick 

Greelqr; 4.600 ft. [Rather widely distributed in United States.] 

139 (138) Fifth foot of two segments 130 

130 (131, 133) Second segment of 5th foot armed with seta and short spine. 
Lateral seta of f urea well toward end — at or beyond two-thirds of its length. 
Several varieties, differing chiefly as to stoutness. The more slender forms 
are found in the larger bodies of water. Length of female, i . 5 nmi. 

Cyclops viridis Jurine 

In all parts of state where collections have been made; 4,100-11,600 ft. [Widespread in Old and New 
Worlds.] 

131 (130, 133) Second segment of 5 th foot armed with two setae — a long and 
a short one. Lateral seta of furca not much beyond middle; a cluster of fine 
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spines on outer margin of furca near base. Forms in small bodies of water 
are less slender than those in large. Length of female, i . i nmi. 

Cyclops bkiispidatiis Glaus 

In aU parts oC lUte; 4*xoo-zz,goo ft fNorthem United Sutet, Canada, Northern Europe. A north- 
ern lom.] 




Fio. 7S'—Cychps attr. (After Manh.) 




Fxo. 76,—Cychps windis. 






Fio. ii.—Cychps hicuspida^. 



Fio. iS,-—Cychps albidus. 



132 (130, 131) Second segment of 5th foot with three setae. Inner terminal 
seta more than twice as long as furca. Length of female, i . 5 nmi. 

Cyclops albidus Jurine 

All parts of state; 4,zoo-xz,ooo ft [Essentially oosmopoUtan.] 
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133 (137) Antenna of za segments. Fifth foot of one segment aimed with a 

spine-like seta and two long ones. Outer mar- 
gins of furca serrated and the stout outer termi- 
nal seta stands out at an angle. Length of 
female, i . 25 mm. . Cyclops sermkUus Fischer 

AlliMrUoftUte;4>ioo-zi,i5oft. [World-wide.] 

134 (loi) Abdomen not sharply separated from 
cephalothoraz. Antennae never of more than 
8 segments. . Family Haspaciidae 135 

135 (136) Antenna of 6 segments. 

Genus Marshia 

We have one species. Furca of female 

about two and a half times as long as broad; 

the two median furcal setae are fused at the 

Marshia albuquerquensis Herrick 

Found in aa alkaline nunhmt La Junta. (General diitribation (?).] 




Fjo. 79.— Cychps stmiaku. 

base. Length, o. 8 mm 




F10.80.— JfariMc 





Fio. Zt.--CmUk0eamp- 



136 (135) Antenna of 8 segments. . Genus Canthocamptus 137 

Representatives oC this genus are evidently widespread in Colorado but infrequently found and then 
in small numbers. Two species are listed here, but in my collections are a few specimens which cannot be 
placed in either of these. 

137 (13S) Furca short— very little longer than wide. Spines of anal plate 
double pointed. Length: male, 0.5; female, 0.6 mm. 

Canthocamptus minutis Claus 

Greeley, Silver Lake; 4,600-10,900 ft. ["Found everywhere in the narthem cootinente"; MardL] 

13S (137) Furca about twice as long as broad. Spines of anal plate single 
pointed; 4-13 in number. Length of my specimens about 0.7 mm., but 
Pearse's measurements are: male, o. 9; female, i . i mm. 

Canthocamptus staphylinoides Pearse 

Specimens from 6 localities in the Tolland region are doubtfully referred to this species rather than to 
iUpkyUmu Jurine. My specimens have fewer anal spines, the second segment of the sth foot is shorter and 
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itoater. And the lut abdominal icgiiMnt ha* no ipine-like procsM candad at in t i§pkylimtu , (Found also fai 
Nebraska. C.j«aMylMiu is found m both Old and New Worlds.1 

139 (i, 100) Appendages much reduced— only two pairs of trunk appendages 
present. Small animals (about z.o mm.) entirely inclosed in bivalve shelL 
Poor swimmers, living near bottom. Common in all localities. 

Sub-dass OSTRACODA 

I h»re made no qwdal effort to ooUect Oftiaooda; nor have those in my collections been detennined. 
The following have been reported by Beaidsley as occnxring in the state: 
dmrfiwifl ocuiniMota (Fischer) 
Cydoeyfris lM9is (O. F. M.) 
CypH* wtMu (Chamben) 
Cyprid^psis mmhmi B. and R. 
CypHd^psit tidma (O. F. M.) 
Cyprimoku gmiiis (Chambers) 
Cypris a!Ht$im& Chambers 
Brptloeypris dhocm N. and B. 
iUoeypHshniyi^ig 

Important References 

This list includes most of the papers in which records of Colorado species have 
ai^)eared (marked ^, and a few of the more useful general works on Entomostraca 
(marked t)« 

^Beardsley, a. E. "Notes on Colorado Entomostraca." Trans. Am. Mic. 
Soc.f VoL XXTTT, pp. 40-48, 1903. 

♦Cockerell, T. D. a. "The Fauna of Boulder County, Colorado, n." 
Univ. Colo. Studies, Vol. IX, pp. 41-52, 191 3. 

^ODDS, G. S. "Descriptions of Two New Species of Entomostraca from 
Colorado, with Notes on Other Species." Proc. US. Nat. Mns., forth- 
coming issue. 

fDouwE, C. VAN. "Copepoda." SUsswasserfauna Deutschlands, heft zi, 
Gustav Fischer, Jena, 1909. 69 pp., 310 text figures. 

fHERRiCK, C. L. "Synopsb of the Entomostraca of Minnesota." Seco 
Report of State Zodlogist, 1895. 337 pp., 81 pi. 

♦JuDAY, Chancest. "A Study of Twin Lakes, Colorado, with Especial Con- 
sideration of the Food of the Trouts." BuUetin 36 of the Bureau of Fisheries, 
pp. 147-78, 1907. 

♦ . " Studies on Some Lakes in the Rocky and Sierra Nevada Mountains." 

Trans. Wis. Acad., Vol. XV, Part II, pp. 781-93, 1907. 

fKEiLHACK, L. " Phyllopoda." SUsswasserfauna Deutschlands, heft 10, Gustav 
Fischer, Jena, 1909. 112 pp., 265 text figures. 

fLiLLjEBORG, L. Cladocera Sueciae. Upsala, 1900. 701 pp., 87 pi. 
^fMARSH, C. D WIGHT. "A Revision of the North American Species of Diapto- 
mus." Trans. Wis. Acad., Vol. XV, Part 11, pp. 381-516, 1907. 
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tMAKSH, C. DwiGHT. "A Revision of the North American Species of Cyclops." 

Trans. Wis. Acad., Vol. XVI, Part m, pp. 1067-1135, 1910. 
^fPACKARD, A. S. '^ Monograph on the Phyllopod Crustacea of North America, 

with Remarks on the Order Phyllocarida." 12th Ann. Kept. U.S. Geol. 

Surv. (Hayden), Vol. I, pp. 295-592; pis. I-XXXIX, 1883. 
^Pearse, a. S. 'Contributions to the Copepod Fauna of Nebraska and other 

States." Studies from Zodl. Lab. Univ. Neb., No. 65, pp. 145-60, 1905. 
♦ . "Notes on Phyllopod Crustacea." Mich. Acad. Sci., 14th Report, 

1912. 
tSHANTZ, H. L. "Notes on the North American Species of Branchinecta and 

Their Habits." Biol. Bull., Vol. EX, pp. 249-264, 1905. 
*Wasd, Henry B. "A Biological Reconnaissance of Some Elevated Lakes 

in the Sierras and the Rockies." Studies from Zodl. Lab. Univ. Neb., No. 60, 

1904. 

"Report on the Cladocera," by E. A. Birge, pp. 149-51. 

"Report on the Copepoda," by C. Dwight Marsh, pp. 146-149. 
♦fWAM), Henry B., and Whipple, George C. Fresh-Water Biology. John 

Wiley & Sons. In press. 

"Copepoda," by C. Dwight Marsh. 

"Cladocera," by E. A. Birge. 

"Phyllopoda," by A. S. Pearse. 
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